
ELECT Elf; 
JUN 1  5 1995 1 I 

Wingship 
Investigation 

Appendices 

APPROVED 

FOR PUBLIC 

RELEASE; 

DISTRIBUTION 

IS UNLIMITED 

Coordinated and 
Published for 

Advanced Research Projects Agency 
3701 N.Fairfax Drive 
Arlington, VA 22203-1714 



REPORT DOCUMENTATION PAGE 
Form Approved 
OMB No. 0704-0188 

Publie reporting burden far the colleerjon of Horrmiion i. estimate ^ 
and maintain* the data r~<M. and oozing «nd racing the colteetion of information. Sendoommwrta.regarding tto burd« **«**« ^!*V**""*2**r* 
information, including tuggestiom tor reducing th« burden, to Wathington Headquarters Services. Directorate for Information Operations and Reports. 1215 Jefferson Davis Highway. Suite 
1204. Arlington. VA 22208-4302. and to the Office d Management f^^^PfP8"1"* ***"** ?"*** <0W*<»M)- Washington. DC 20503  

.AGENCV USE ONLY  (leave blank, TTSEPCRTDSTT 

9/30/94 
4. TITLE AND SUBTITLE 
Wingship Investigation - Volume 2 - Appendices 

7. EEHFöRMIN6 6RGAN.ZAT.6N NAME(S) AND A5DftEss(bS) 

Advanced Research Projects Agency (ARPA) 
3701N. Fairfax Drive 
Arlington, Virginia 22203-1714 

9. SP6NS6RING/M6NIT6RING A6ENCV NAM£(S) AND A5DR£SS(ES) 

Advanced Research Projects Agency (ARPA) 
3701N. Fairfax Drive 
Arlington, Virginia 22203-1714 

ii.sUWLEMEKJTAfWNulkü 

N/A 

Final Report 
5. FUND.NO NUMBERS 

a. PERFORMING ORGANIZATION 
REPORT NUMBER 

IMMM1 
AGENCY 

ELECTEM^ 
JUN 1  5 1995 ^ 1 

12a. bistRlBÜt IONVAVAILABIUTV STATEMENT 

Distribution is Unlimited 

APPROVED FOR PUBLIC RELEASE- 

DISTRIBUTION IS UNLIMITED    (A) 

12b. DISTRIBUTION! toot 

13. ABSTRACT   (Maximum 200 words) 

The Advanced Research Projects Agency (ARPA) has completed an investigation of Wingship concepts 
and technologies to examine their relevance and utility in future defense applications. A select team of 
technical experts from U.S. Government and industry was formed by ARPA to assess Wingship-related 
technologies and mission applications. The diverse group was comprised of Western experts in 
Wingship-unique and related technologies, including flight controls, aerodynamics, hydrodynamics, 
propulsion, and advanced structures. Transportation specialists and other mission analysts also 
participated. The Wingship Investigation concluded that vehicles approaching the efficiency and capacity 
required for strategic heavy lift are about 10 times larger (in gross weight) than any existing Wingship or 
other flying water-based craft, and about five-times larger than most experienced Russian or American 
experts recommend building using current technology. The study concluded that, while the cost and 
technical risks of developing these very large Wingships are currently unacceptable, there may be some 
promising military applications for Wingships in the 400- to 1000-ton range. Experience with these 
relatively smaller vehicles could also permit a growth path for the technology. 

14. SUBJECT TERMS 

Aerodynamic ground effect, Wingship, 
Ekranoplan (Russian) DUG QXJALTf 2 INSPECTED 3 

17. SECURITY CLASSIFICATION 
OF REPORT 

18. SECURITY CLASSIFICATION 
OF THIS PAGE 

UNCLASSIFIED 

19. SECURITY CLASSIFICATION 
OFABSTRACT 

UNCLASSIFIED 

15. NUMBER OF PAGES 

668 
16. PRICE CODE 

20. LIMITATION OF ABSTRACT 

NSN 7540-01 -280-5500 
Standard Form 298 (Rev. 2-89) 
Prescribed by ANSI Std. Z39-18 
298-102 



Wingship Investigation 

Appendix 
Table of Contents 

CONTENT 

m 

LO 

Appendix A Congressional Language and 
Official Correspondence 

Appendix B Other Approaches to 
Heavy Equipment Rapid Delivery 

Appendix C WIG Parametric Study 

Appendix D Landplane and Seaplane Performance 

Appendix £ Names and Contacts 

Appendix F Database 

Appendix G Trip Reports 

Appendix I Description of the 
Wingship Technical 
Evaluation Team (WTET) 

Appendix J Mission Application Studies 

Appendix K Propulsion 

Appendix L Reliability and Maintainability 

Accesion For 

NTIS    CRA&I 
DTIC    TAB 
Unannounced 
Justification 

i 
D 
D 

By  
Distribution! 

Availability Code 

Dist 

±L 

Avail and/or 
Special 

DTIC QUALITY OJäPBCTKD 8> 



Wingship Investigation 

Congressional 
Language and 
Official Correspondence 

Appendix A 



o c 
■D ^ 
© O O 

CD 
CO *>■=» fP*" O Q. 

to 
0 

O CD •*=  CD 
g > E 

2°-p ©f> © 
S-.S-P.OCO^ 

0) co-gj wQ 3 co 
© o> w © £ "o 
^ c c £ o © 

Z     ©"331 S° ■u —£ £ g 0-£ ^ 
SSS-o10 > Etc 
3OC.©c0©O© .gEo^-Eg-E 
>£ ©  C  CD  CD  M  CO 

©«(^»^©cD'ßcD l_- .—   *— is w   m   u •*■-   u/   fß   "'   CO 
S 5 .2 co > g EoO°£--2c: 
*g O  CO  O  CO.O) 

E  © 
"Er o'p 

CD 
SF © 0X3 

«■£§»8.5 
CO O  03=TJ  0 

Sü-n O O CO 
0.Q   ™     -   C 0 
läS-S-ä-S 
c co co 3 ^ > > *£ to •§ 
:E CO "O —».•>.> 

£©x:.2 2LS2 

»c -E © 0 © 
co 

g^S*0- © co 
■D 0 ^  0  Ü  CO  O 

CO   E   © -—   CO W 

0  g  >X5  0  CO   CO 
© "S  Ä  CO  «  8  2 
5)  ® .2  CD  ©  2  D) 

© 2 o o g     co 
£ a° ° co-g ü 

4= m -c 33 -£ CL 
-C^-l— <   >   CO 

©.- 2 CD  0  g-0 

1/5.2 c 0 £ © COJZ 
^TS  m -C  C  £  ©  0 

© 5. E £ "S 2,rn ° 5 2T E 5= — O)^ ■£ 
•=  C   ü  m  t  >   m  r 

CO ö co te 5 © E 
-C .s > "© "n r?= co c2 *- co 

CO 3 *     " 
CO > © 

co c >— o>*--= ,- 

co.y 

o c c o CO 
© 

^ rüZ Ö © ■JS^ 

-° 0j=   -     S E © -Q is 

E 
CO 

O) o 
Q. 
Q. 

J= 
(0 
Ö) c 

CO 

© 

CO 

0lg>.Eo£i5£o 
H fi-S c5 2i= =: o o 

0 CO Q--i=i C -^ CO 

o 
u 

A -   1 



MftY 14  '93—lSiü/PN bKb   I tuiiitubita 

ADVANCED RESEARCH PROJECTS AGENCY 
3TOI NORTH FAIRFAX DRIVE 

ARLINGTON. VA 2ääö3-17U 

MAY 3 |993 

Professor Andrey Kokoshin 
Pirsc Deputy Minister of Defense 
Ministry of Defense 
Russian Federation of States 
Moscow, Russia 

Dear Professor Kokoshin: 

in accordance with direction provided by the united States 
Congress? the Advanced Research Projects Agency is partaking a 
■♦.«Si t-n «valuAte winc-in-cround effect vehicle technology to neip 
uSUSsessewhethe? ?MÄates should employ such^systems in 
our defense infrastructure. Termed ;Thft.wi^5 ?>,« »S'in deval- 
effiort will focus on understanding the state of the frt in devei 
epment of these vehicles and their operational Potential, in 
addition, given recent concerns over the conversion of our defense 
Industry" if this country, there is significant interest in under- 
standing potential commercial applications. 

we are aware of the -Ekranoplan; ^<^"g*^j£*i 

Se;^r1ovSt^nPl^ SÄÄ^ 
££ ha™ Sale in developing ^.«*«2i1*g?ä&t

J^"SdS: ment of the type we propose would be incomplete without an unaer 
standing of the advances you have made in this area. 

I have formed a small, but expert technology 2£"fi£sf
12,B 

SSST^LSI fSSis' task will be to gather as ■«*;£*«- 
™2Son as Dossible on the development and operational issues 

ty^es oHing-in-ground effect vehicles which you have developed. 

The members of thistechnologyteam, bothaJ0^rnment and 
industry, were selected because of their special •*•»*"?*. 
«SbilitUs tö evaluate the Wingship tautologies.   gg°f *f 
"5e ^tensive research^experience in^^fe^ertise in othel 
vehicles, while others have «lml»**P^ °=^.^ficewith 
areas highly beneficial to this study. In our interlace wicn 



MAY 14  '95    12:IWM ü*>  ILlHNULUUlLb 

Russian industry, it is our intent ^.provide fair compensation 
for technical and engineering support and provide requisite 
protection for proprietary data. 

I view the Wingship study as a unique opportunity to ^ild 

another productive bridge in ^«/Si^^^o^Sc^ercha^ge in 

the Russian Federation as we progress through this wingsnxp 
Technology Investigation. 

Sincerely« 

Gaiy L. Denman 
Director 

MA" 



MAY 14  '53    lSÜ&FH bWb  ILLHl4ULUbiLJ 

ADVANCED RESEARCH PROJECTS AGENCY 
3701 NORTH FAIRFAX DRIVE 

ARLINGTON, VA  22203-1714 

May 7, 1993 

LCDR Jeff Kypers, Defense Attache 
American Embassy 
Noviskii Bulvar - 19/23 
Moscow, 121099 
Russia 

Dear LCDR Kypers, 
* ♦->,<• i*i-i-*r are to (1) transmit the enclosed 

T ??^°«?S3 Mav 1I93 from the Erector of the Advanced 
communication Of 3 May I»»J «°» ™___fl to »rof. Andrey 
Research Projects Agency, 9"^ L' D^ftnse in Russia and, (2) to Kokoshin, ^rst Deputy Minister of Defense £R™.Bt apon30red 

enclosure. 

The enclosure identifies that ******  ^^LTwisV^o 
Russia is desired on the topic of wingships. You may ais 
refer to country clearance request HP 23154°e/>??«»// 
I§7664M?6" sentpreviously to ÜSDAO Moscow RS//AXRA//. 

The visit is currently planned to he Md« b* th* |°UJohn 
individuals named £, f ^»^^ 
Thomas, Edmond D. Pope, CAPT/USN, nie»»«      .  leaving the 
and Dr. Roger W. Gallington. ^^Jj^^ 5/2^-25  and will join 
U.S. on 5/22 for other ^^iness in Ru«a±a on 5/24 za    iang on 
the other three in Moscow ^^f ^^fj^cis and Dr. Gallington 
the wingship topic.  Dr. Thomas, LtCol £*»«    d wU1 depart 
will be leaving the U.S. on Saturday ^  «ay 
no later than Saturday 5 June 1993. 

LtCol ÜSAF 
rogram Manager   (ARPA/ASTO) 

Enclosure 

Mfl 



ScienceApptedtonslntemafonalCkxporatton 
An EmployeeDwned Company 

May 14, 1993 

Mr. Shykind 

Dear Mr. Shykind, 

Here b .he Wormato o» 4e ARPA Wingship Smdy you «^J^^ZS 
? T * n^ \mv» TJranrk at ARPA We have not yet prepared a compact study aescnpuuu 
So«'£fÄeÄ- to sendpZ*£.».hreepeop.ethis week, we wl, 
probably develop a more polished package soon. 

In the meantime, I have enclosed: 

(1) 
(2) 
(3) 

(4) 
(5) 

The initial study kickoff briefing. J««™-«* 
The Program Approval Document (an internal ARPA management document) 
uL«Tme   American Embassy in Russia and the Russian First Deputy 
Minister of Defense concerning our first planning trip. 
A recent study program schedule 
A very early draft of the final report outline. 

This is a study/evaluation effort only and not a development program. Notice especially that 
Sngress Sected that ARPA do this study and that the study focuses on DoD requirements. 

We have lots of additional information including a constantly-expanding database confining the 
^fa!££*m which will evenmally support the conclusions, ^^^^ 
participants, and meeting minutes etc.  I will be pleased to supply any other information you 

request. 

Sincerely yours, 

jyMxfc 
Roger W. Gallington, Ph.D. 
Assistant Vice-President 

attachments 

FAX (202) 482-2834 



Scfence>»ppft»fibnsWernalfona/Corporaeon 
An Employee-Owned Company 

May 14, 1993 

Vince Rauch 
NASA 
CodeRN 
Washington, DC 10546 

Dear Mr. Rauch 

Mike Francis asked me to send you some information on the ARPA Wingship evaluation. We 

•sxssii es asr» MSSSSää 
Specifically, I have included: 

/ 

m The initial study kickoff briefing. „„„«.„A 
2 The Program Approval Document (an internal ARPA management document) 

(3) uSmTSe   American Embassy in Russia and the Russian First Deputy 
Minister of Defense concerning our first planning trip. 

(4) A recent study program schedule 
(5) A very early draft of the final report outline. 
(6) Sole source justification for RAS. 

You may request any additional information directly from me. 

Sincerely, 

M¥" 
Roger W. Gallington, Ph.D. 
Assistant Vice-President 

attachments 

FAX (202) 358-3640 



ADVANCED RESEARCH PROJECTS AGENCY 
3701 NORTH FAIRFAX DRIVE 
ARLINGTON. VA   22203-1714 

To: 

Subject: 

September 1,1993 

Vice Admiral Venomin Polyanski 
Director Navy Shipbuilding 
Navy of the Russian Federation 
Moscow, Russia 

Wingship Team Visit to Caspian, 
Orlyanuk Flight Demonstration 

The ARPA Wingship Technical Evaluation Team (WTET) is nearing completion 
of its evaluation. The group is experiencing problems arriving at significant 
conclusions because of the lack of available flight test data to support performance 
assertions or to resolve inconsistencies in verbal data provided to the group in its 
discussion with the Russian technical community. The lack of answers to several 
key performance-related questions have precluded a meaningful extension of 
results to predict the performance and value of future designs (both American and 
Russian) currently being considered. 

The WTET visit to witness the Orlyanuk demonstration in late September affords 
a final opportunity to resolve these fundamental issues. To this end, I request the 
information outlined in attachment 1 be provided. To allow the WTET to prepare 
for the trip to the Caspian in September, it is essential that the historical 
information detailed in paragraph 1 of the attachment be provided to the WTET 
no later than 20 September 1993. 

Futhermore, my expectation is that we will be permitted to photograph and video 
tape the vehicle used in the flight demonstrations (interior and exterior) at the 
test sight and during the demonstrations. 

Inasmuch as we have asked these specific questions previously, and given the 
significance and magnitude of our investment in this short term demonstration 
activity, I believe that these requests are both reasonable and justified. Let me 
emphasize, the future of the WINGSHIP project, in general, as well as a potential 



cooperative project/ hinges on a meaningful set of conclusions and a positive 
recommendation by the study team. 

Your support and cooperation would be greatly appreciated. 

Sincerely, 

Michael S. Francis LtCol, USAF 
Program Manager 
ARPÄ/ASTO 



REQUEST FOR SPECIFIC DATA TO JUSTIFY THE LATE SEPTEMBER EXERCISE 

1)   Historical Performance Flight test Data for large wingships:   KM 
(Caspian Sea Monster), ORLAN, LUN.   Actual original flight test data 
reports, including, as a minimum: 

A.   Raw test data measurements from flights dedicated to the 
determination of fHfht  efficiency.   These should be for several heights 
and/or sea states, as shown, as a function of speed or lift coefficient (CL) 

and at heights representative of low sea skimming and at higher 
altitudes. 

Weight» 267 Ton 

FYAMPLE CURVE 

out of ground effect, H= XX meters 

Dependent 
Parameter* 

in ground effect, on smooth sea 

Vkm/hr ^- 

PARAMETERS *- fuel flow, Torque/RPM (Turboprop), fan speed/engine 
pressure ratio for turbofan, flap position, angle of attack. 

CONSTANTS - weight, pressure altitude, outside air temperture. 



Time History of takeoff and landing, showing velocity, engine parameters, 
height, flap position, angle of attack,   PAR (thrust line inclination), 
elevator position, pitch attitude. 

B. Correlation of the raw flight test data and calculation of engine 
thrust and aircraft drag (Cd vs. CO for each height flown. 

C. Flight reports, or ships' logbook. 

2) The September demonstration itself should encompass these flight activities: 

In-Ground-Effect (IGE) Right 

Routine Takeoff and Landing 

Turning  and  Maneuvering 

Out-of-Ground-Effect (OGE) Performance 

3) Demonstration of land-based operations and overland performance. 

4) On the actual flights flown in late September, measure data to spot- 
check the basic performance capability during conventional IGE flight. 
Record fuel flow, torque & RPM at several airspeeds to include near- 
minimum speed to maximum allowed speed, at lowest practical height. 
Repeat at highest practical height.    Record aircraft gross weight and 
detailed definition of configuration (flap position, CG, etc.).    Include time 
history of takeoff and landing.    These can be done by hand-held video 
camera  of instrument panel  instruments. 

5) Demonstration attendees be allowed to interact with Russian flight 
test personnel, including engineers and pilots, to answer specific 
questions related to the demonstrations.    Descriptions and duties of flight 
crew during takeoff cruise and landing should be provided. 



An Employe*Owned Company 

September 23, 1993 

Mr. Robert Robeson 
Vice President of Civil Aviation Division 
Aerospace Industries Association 
1250 I St. NW Suite 1100 
Washington, D.C. 20005-3924 

Dear Mr. Robeson 

! recenüy leaded that the AIA ?^£^~ £^ZSEZJZ 

the workshop. 

5STÄ «-^ — of yoL WOTtehop -* * ~M t0 our y- 
You may teach me at my office in Seattle by calling (206) 443-1014. 

Sincerely, 

Roger W. Gallington, Ph.D. 
Assistant Vice-President 

c:file 



TEL  No 
Sep  24,yö    v-sz INU.UU^ 

Aerospace 
Industries 
Association 

Office of Civil Aviation 
Facsimile Transmission 

Fax: 202/371-8470 

Date: 

Pages: 

To: 

September 24, 1993 

Cover +  3 

Roger Gollington, SAIC 
206-448-6813 

From: Bob Robeson 
Vice President 
Civil Aviation 
202-371-8415 

With reference to your fax to me yesterday, I am attaching a 
copy of the meeting announcement. AlA's role was United to making 
the meeting arrangements, and at this time the only other support 
thlt we eject to provide is to put any of our interested companies 
in contact with NAVAIR. I am forwarding a copy of your request to 
Curt Snyder, who can provide information to you. Curt can be 
reached at 703-692-7393 ext. 6310. I hope thxs answers your needs. 
If I can be of further assistance, please let me know. 

Sincerely 

Aerospace Industries Association of America, Inc, 
o*ri-ftAnA 



TEL  No Sep  24,93    8:52 No.002 P.02 

fffW 

Aerospace 
Industries 
Association 

September 7,   1993 
Robert E. Roboson, Jr. 
Vic« PHWWHMI 
Civil Aviation 
(20?) 371 -8415 

Dr. Manny Lores 
Director of Systems Development 
liOcJcheed Aeronautical systems Company 
Dept 73-01, Zone 06-70 
86 South Cobb Drive 
Marietta, GA 30063 

Dear Dr. Lores: 

AS a consequence of the publication of the whitepaper ■.. .From 
the Sea," aNavy-Marine Corps team has an intense interest in 
amDhibious warfare at locations distant from the U.S. In 
cons£der?n9 possible vehicles for force deployment, a question has 
been raised as to the feasibility of developing a large :jet 
seaplane able to transport a USMC fighting force to an overseas 

troublespot. 

However attractive such an aircraft might be to the tactical 
planners, it is unlikely that the Navy or the Department of Defense 
rould finance the cost of developing such a restricted use aircraft 
°itn a uiiSd production run. Thus the acquisition strategy being 
discussed informally among military planners assumes: 

1) The seaplane is a variant of a large commercial land-based 

transport; 

2) Common production line; 

3) Funding mainly through conventional commercial practices 
rather than through DOD sources. 

The broad requirements under discussion are: 

MTOW:     1,000,000 lbs 
Capacity:  600,000 lbs 
Ranae:       8,000 miles 
Other-   Able to land the payload directly onto the beach or 

transfer the troops/equipment onto amphibious assault 

ships at sea. 

Aerospace Industries Association of America, Inc. 



TEL No Sep 24,y5 ST^Z~RD.uuz r .uo 

-2- 

in liaht of the interest expressed by your company in 

UJSUSZ ^r ^nsored iHl^S^^^ on attend a one-day workshop ^«^^^^oiai, .with open 
September 23. The format for the «orKsnop Government 
discussion  following  the  f^^hed  •£•£      d defining 

^erft^^ 

Si" be the responsibility of the companies,   and not A». 

„e expect to conclude, by J^^T^ JSSSZ ^ 
conference rooms are unavailable 5? ™* "^ \avl.s Hwy, Suite 
be hosted by McDonneU Dougla^^^^„al ^formatio/yo» can 

Sincerely, 

i 

• 

RobexL E.  Robeson,   Jr. 

flW 

cc: John Honrath 
Chuck Miller 



TEL No Sep 24,53 8:b2 No.UU^ H.Ufl 

Advance Agenda , 
AIA Sponsored WorKshop on .andplane/Seaplane Co-Productxon 

September 23, 1993 

0830 

0845 

0900 

1000 

1030 

J0  1100-1200 

1200-1300 

1300-1430 

3 430-1500 

Welcome - Mr 
Aviation 

. Robeson, AIA Vice President for Civil 

introduction - Mr. Curtis Snyder, NAWCAD Patuxent 

River 

History of Navy Seaplane interests - Mr. Kobit* 

(OP911) 

joint Littoral Warfare Seaplane - Mr. Tomayko 
(OP911) (input to T16 Wargame) 

Relevant ONR Technology Programs - Mr. King, ONR 

Roundtable Discussions of Seaplane viability 
AU in a fiscally constrained environment 

Lunch 

Roundtable Discussions of Co-Producti on Feasibility 
- the industry viewpoint 

Wrap-up USAF perspective - NASA interests - Action 

items 

1515 Adjourn 



JUL 11 *34 11:24   FROM NASA HQIö 

National Aeronautics and 
Space Administration 

Headquarters 
Washington. DC 20546-0001 

NASA 

H«plytoA»>Oft      RF 

July 11,1994 

TO: Distribution 

•RTIOM- Manager, Flight Research and Technology . . Manage^r^ce ^^ ^ ^^ projecte Dmaon 

NASA Headquarters Office of Aeronautics 

SUBJECT:     Russian Wingship Proposal Evaluation 

CoL Mike Francis CAHBM«WN^ 

company; TO acquire iuvyuoaxa          nronosals are in 
^Z^aSlIf^lÄrfiÄiT^^^nd <M to 
the Russians in March 1994 by Col. Francis. 

Ä SafcÄ On J«ly 27, 1994, r will be *j«-Erffc 

ranking of the proposals. 

27,1994. 

iTohn Lutes 

Enclosure: Proposal Evaluation Schedule 

Distribution: 
Proposal Evaluation Team Members 
RN/Isaiah Blankson 
RH/Robert Mercure 
LaRC/Dennis Bushnell 
NSWC-CD (CarderockVBob Wilson 
NSWC-CD (CarderockVJim Camp 
NAWC-AD (Warminister)/John Reeves 

Program Addressees 
ARPA/Col. Mike Francis 
SRS/Dick Jones 
NSWC-CD/Steve Wells 
SAIC/Roger Gallington 



JUL 11 '94 11:24   FROM NASA HQTS PAGE.003 

PROPOSAL EVALUATION SCHEDULE 

RUSSIAN WINGSHIP TECHNOLOGY SET-ASIDE PROGRAM 

NASA Headquarters 
400 E Street S.W. 

Washington, D.C. 20546 

Exit UEnfant Subway Station at 7th and D Streetsi (DOT'Bid*) 
Walk Eastward along E Street to the new NASA Bldg. 

Call X4623 at front desk for clearance 

July 27,1994 (NASA Hq. Rm MIC-6B) Pass out copy of proposals & scoring sheets 

1OOO-1010 Welcoming Remarks John Lutes 
im£inS Program Overview Col Mike Francis 
JSMS» ReJltUf U.S. BAA Process     Steve Wells 
3^5.1200 Evaluation Remarks John Lutes 

August 2,1994 (NASA Hq. Rm 2063) Rate and rank the proposals 

1000-1200 Discus&QRank Proposals All 
1200-1300 Lunch A11 
1300-1600 Disctiss/Rank Proposals All 

August 3,1994 (NASA Hq. Rm2063) Develop final ranking of proposals 

0900.1200 Diacuss/Rank Proposals All 
1200-1300 Lunch. 
1300-1600 Discuss/Rank Proposals All 

The number or length of Russian propcfeus whichiwe ^y«*5«^™^?^ 
atthetimethiswasprepared. Therefore, above schedule mayneed to be «^er 
shortened or extended after proposals are received and examined on «July 25,1994. 

**   TOTAL   PAGE.003   ** 
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B. OTHER APPROACHES TO HEAVY EQUIPMENT RAPID DELIVERY 
The Department of Defense possesses plans for the rapid delivery of heavy equipment in tune 
of need. These plans and capabilities have recently been tested in the field during Operation 
Desert Shield. Partly as a response to the experience of Operation Desert Shield and Operation 
Desert Storm, the Department of Defense authorized the Mobility Requirements Study. 
Requirements for the rapid deployment of forces were established, and actions were directed to 
modify national policy. An ARPA funded program has begun which addresses the general rapid 
deployment capabilities of the U. S., and some other studies have been started. 

This appendix discusses briefly the MRS document, the present status of deployment capabilities 
for heavy Army divisions, and several approaches to the rapid delivery of heavy equipment 
which do not employ wing in ground effect vehicles. 

MRS Summary. The Department of Defense has sponsored the Mobility Requirements Study 
(MRS), in part, to establish guidelines for deploying heavy Army divisions as part of a short 
term response. See section 6.4 of this report for a more complete discussion of the MRS. The 
requirements set in the MRS were based on accepting no more than moderate risk to the 
attainment of U. S. objectives. The MRS requirements include deploying the following within 
the early risk period (i.e. within two weeks of a decision date): 

- an Army heavy brigade 
- Army light forces 
- combat support and combat service support. 

The MRS requirements also include deploying heavy Army divisions within eight weeks of a 
decision date. 

The DoD integrated mobility plan stated in the MRS includes plans to mitigate early risk by 
taking action in three areas. First, increasing airlift capability will be addressed by continuing 
the C-17 program.  Second, increasing sealift capability will be addressed by 

- acquiring and deploying container ships 
- deploying by 1997 an afloat pre-positioned package for 

army combat and support equipment 
- adding by 1998 sealift capability for rapid deployment 

of heavy Army divisions 
- expanding the ready reserve sealift force. 

Third, improving the U. S. internal transportation system for moving heavy equipment to U. S. 
staging locations. 

Rapid Deployment as of 1990 for ODS.  The rapid deployment capabilities of the U. S. for 
the start of Operation Desert Storm were directed by the two arms of the Department of Defense 
U. S. Transportation Command: The Military Sealift Command (MSC) and the Military Airlift 
Command (MAC). Ship transportation is the most important method for delivering heavy 
equipment. The MSC has established three categories of ships: the active fleet of military sealift 



command transports, a fleet of fast sealift ships (converted commercial transports), and a ready 
reserve fleet of 96 older cargo ships which can be activated in roughly 20 days. 

During Operation Desert Shield 2.3 tons of cargo was delivered with the following breakdown 
into transportation categories: 

32% pre-positioned ships 
14% Fast Sealift Ships 
5% Civil Reserve Air Fleet 

18 % Military Air Command Aircraft 
31% Ready Reserve Fleet. 

All heavy equipment was delivered either by ship or by military aircraft. The U. S. forces were 
drawn from around the world. The transport ships employed were: 21 pre-positioning ships, 
8 fast sealift ships, 43 ready reserve fleet ships, and 110 other MSC and leased ships. Roughly 
five weeks after the beginning of the deployment process, 35 ships had arrived in Saudi Arabia 
and another 75 ships were enroute. This was reported to be approximately two weeks behind 
schedule.  It required several weeks to deploy heavy armor divisions. 

Container Ships. The MRS report suggests that the U. S. obtain at least two container ships 
for rapid delivery of heavy equipment. The current fleet of, for example, Hyundai Merchant 
Marine Co. container ships requires 18 days of transit time between Los Angeles and Hong 
Kong. Its new generation container ships require 13 days transit time between Los Angeles and 
Hong Kong, and have a capacity of over 4400 TEU. 

ARPA Sponsored Mobile Base Program. ARPA is currently sponsoring a small program 
consisting of two studies through the Naval Surface Warfare Center in Carderock, Md., for the 
rapid deployment of heavy equipment. 

The first of these studies is considering building a 3000 foot long floating runway and storage 
area for pre-positioning heavy equipment. A performance characterization is currently being 
done. At this very preliminary stage in the study, the structure being considered may be 
employed to pre-position as much as one heavy army division. The structure is likely to be 
mobile - movable to a new position on the order of several weeks. 

The second study is concerned with converting a 400000 square foot very large crude carrier 
to military use. This concept would allow moving 1/9 of a heavy Army division. The baseline 
vehicle used for the study has a cruising speed of about 16 knots. 

This program plans to continue into FY94 with studies for offshore basing, portable ports, and 
re-configurable craft.  The total level of funding is to be about 

HERDS Study. A study for a Heavy Equipment Rapid Delivery System (HERDS) was 
undertaken by the company ISAT in 1991, and more recently continued by W. J. Schäfer 
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Associates. This concept would use large unmanned gliders, towed by civilian aircraft (CRAF), 
to deliver heavy equipment close to their deployment positions. The hoped for performance of 
this system would give delivery of one heavy army division in less than half the delivery time 
now needed by surface ships. Its planned cost per glider would be one fourth the cost of the C- 
17 at production levels. Each glider would carry 60 tons, and would travel at Mach 0.7 when 
pulled by a 747, say. 
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C.1 VEHICLE SIZING METHODOLOGY 

Sizing analysis is an integrated multi-discipline which defines a vehicle meeting a given set 
of requirements. The disciplines involved in this study are: configuration synthesis; mass 
properties estimation; aerodynamics; propulsion; and performance estimation. Range is a 
fallout which provides a quantitative measure of merit for the sized vehicles. 

WIG IBM PC PROGRAM 

The weight prediction equations were combined with the aerodynamics, performance, 
geometry and propulsion equations in a weight/performance computer program. This 
program generates a matrix of several hundred vehicles configurations of varying aspect 
ratio, wing loading, taper ratio, gross takeoff weight, payload fraction, and engine scale 
factor, while automatically adjusting vehicle geometry as required. Outputs include range, 
endurance, number of engines required, and other performance parameters of interest. The 
program also outputs a MIL-STD-1374A Group Weight Statement for any configuration, if 
desired. Configuration selection was done by inspection of this data. The primary criterion 
for selection was range; however, a small penalty in reduced range was accepted if it 
resulted in a significant reduction in the number of engines required. 

A flow diagram for the program is presented in Figure C-l. Geometric parameters and 
other parameters of the reference vehicle (SPASATEL) are input, together with any 
parameters of the derivative vehicle which differ from those of the reference vehicle. 
Normally these will be limited to aspect ratio, wing loading, taper ratio, gross takeoff weight, 
and payload fraction. The Geometry Module calculates the geometry of the derivative 
vehicle. The PAR module calculates the total thrust required for takeoff. The Propulsion 
Module determines the number of engines required, engine scale factor, engine weight, 
number of engines operating during WIG cruise, fan length, engine diameter, takeoff fuel 
required, and cruise fuel flow rate. The Weights Module calculates the MIL-STD-1274A 
group weights, weight empty, operating weight, and total usable fuel available. 

The Aero Module determines the vehicle cruise aerodynamic lift-to-drag ratio (L/D). Drag 
of the non-operating engines at cruise due to feathered fan blades is book-kept into the 
specific fuel consumption. In a typical case, the aerodynamic L/D displayed may be 24% 
higher than an L/D value adjusted to include this drag. The Performance Module calculates 
range, endurance, and Mach number. Cruise performance calculations account for the 
decreasing gross weight and speed of the vehicle as fuel is consumed. L/D is held constant. 
This process is illustrated by the equations shown in Section C. The program accommodates 
both in and out-of-ground effect operation. 



INPUT DATA 
(COMMON) 

AR,W/SG,NZ,ALT, 
X, FRACPL. 6, A, 

GEOMETRY OF REF. VEH., 
OTHER PARAMETERS OF 

REFERENCE VEHICLE 

I 
ftFOMFTRY MODULE Or 

PAR MODULE 
CALCULATES TREQPAR 

I 
Z} 

WFIfiHTS MODULE 
CALCULATES MIL-STD-1374A 

GROUP WEIGHTS & FUEL AVAIL 

AERO MODULE 
CALCULATES UD D 

pROPUl filON MODULE 
CALC. FUELTO. NENG. LFAN 

NENGOP.DENG.WFCRZ 

I 
PFRFORMANICF MODULE 

CALC. RANGE. TIME, M, ETC. 

ppiNTRI7Pn AIRCRAFT 
GROUP WEIGHTS, AERO 

AND PERFORMANCE DATA 

Figure C-l. Vehicle Sizing Program Flow Diagram 

ANALYSIS PROCEDURE 

The analysis procedure in this study is as follows: 

1. For a given GW and PL/GW fraction, select vehicle from a parametric analysis of AR 
and wing loading. An example tabulated sizing analysis is shown in Figure C-2 for a 
GW = 10M pounds and PL/GW = 0.2. 

2. Expand the parametric results for a large range of GW and PL/GW values. The results 
are tabulated in Figure C-2 and plotted in Figure C-3. 

3. Select a vehicle from the parametric study and show sensitivity for parameters that have 
large impact on vehicle design. The sensitivities were calculated for a GW = 10M pounds 
and PL/GW = 0.2. The results are shown in the form of plots (see figures in Section C.8). 
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G2 GEOMETRY MODULE 

FUSELAGE GEOMETRY 

Fuselage geometry was based on the SPASATEL geometry. The configuration geometry 
equations are presented in Figure C-4. Length/width ratio and depth/width ratio were held 
constant. Width was varied directly with the 1/3 power of the payload weight in order to 
maintain an invariant cargo compartment density. 

WING GEOMETRY 

Wing geometry for a given configuration was determined by the wing loading and aspect 
ratio that gave the best range, and the gross weight, and taper ration. The 0.63 taper ratio 
of the SPASATEL vehicle was used for all configurations. 

TAIL GEOMETRY 

The horizontal tail area was assumed to be 40.6% of the wing area, and the vertical tail area 
21.1%, as in the SPASATEL vehicle. 

C3 WEIGHT PREDICTION MODULE 

The weight prediction equations used were Level II parametric equations obtained by 
constrained regression analysis of a database consisting of large military cargo aircraft. They 
are standard Northrop equations are presented in Figure C-5. These equations were indexed 
to the weights shown in the Wingship Compendium document (A Naskalik and V. 
Treschevsky, 1992, Appendix V, page 308), for the 880,000 lb SPASATEL aircraft. 

Index factors required were high, (e.g., 2.09 on the Wing Group, 138 on the Fuselage 
Group, etc.) Material factor was set at 1.0 for indexing and reduced to 0.8 for the 
parametric studies. The 0.8 reduction factor for structural materials weights is intended to 
account for materials and possess technology advancement and is construed to be justified 
by US, R&D activities, e.g., numerous composites programs. 

C.4 POWER AUGMENTED RAM MODULE 

The thrust requirement for takeoff is based on the envelope of experimental data from 
NASA (1972) and DTNSRDC (1976). Takeoff is based on the PAR parameter Lh/TC of 
approximately 0.56. Thrust requirement is based on the same T/W level as the SPASATEL 
and is the wing height with the vehicle at a nominal attitude and the aft end of the hull in 
surface contact. Two thirds of the installed thrust is assumed to be available for acceleration 
in the PAR mode. A simple formulation of this calculation is contained in Figure C-6. 



sw = TOGW/LOADING 

b = [(AR)(SW)]0-5 

Q\VG 
= Sw/b 

c = 
2 (Sw)03 

'-R 
(1+X) (AR)0-5 

Cr = CR(X) 

HpLATE 
= 0.05 (b) 

SWTP = Cr (1.2) (HPIATC) (2) 

B0 
= 0.152 (TOGW)0-3333 (FRACPL/0.206)0-3333 

La = B0 (La/B0) 

Do = B0 (Do/B0) 

sv 
= 0.211 (Sw) 

SH 
= 0.406 (Sw) 

SF 
= 1.227 (LJ (B0 + D0) [1 + 0.0992 (B0/D0)] - 85 

HPAR = 0.6 (La)[TAN(6)] 

^WETENG 
= [2 DeNCTACK + 2.05 NeDc/NCTACK] [L^] 

^WET = 2.06 Sw + 2.06 SH + 2.06 Sv + SF + SWETENG + 2 SWTP 

b = (Sw • AR)0-5 

b 

CrVREF (Sv/SvREF/0-5 = 

Figure C-4. Geometry Equations 



INPUTS 

LOADING 

TOGW 

AR 

X 

FRACPL 

La/Bo 

D0/B0 

6 

De 

NSTACK 

Ne 

LFAN 

t-TVREF 

SyREF 

TOGW/Sw 

Takeoff Gross Weight, lb 

Aspect ratio, wing 

Taper ratio, wing 

WPAYLOAD/TOGW 

Fuselage length/width ratio (14.42) 

Fuselage depth/width ratio (1.58) 

Angular displacement of HRP with respect to local horizontal, degrees, 

(2.6) 

Installed max diameter of engine, ft 

No. of rows of engines (when stacked) 

No. of engines 

Length of inlet plus fan duct, ft 

Tip chord of vertical tail on reference aircraft, ft 

Area of vertical tail on reference aircraft, sq ft 

CALCULATED VALUES 

3w S 

b 

Q\VG 

CR 

Cp 

"PLATE 

SWTP 

B„ 

Do 

Sv 

SH 

Area, wing, gross, ft2 

Span, wing, ft 

Average chord, wing, ft 

Root chord, wing, ft 

Tip chord, wing, ft 

Vertical dimension of tip plate, ft 

Planform area of (2) tip plates, ft2 

Width of fuselage, ft 

Length of fuselage, ft 

Depth of fuselage, ft 

Area, vertical tail, ft2 

Area, horizontal tail, ft2 

Figure C-4. Geometry Equations (Continued) 



CALCULATED VALUES (ConO 

SF 

HPAR 

SwET 

bH 

CJV 

SwETENG 

Wetted area, fuselage, ft2 

Vertical distance from lowest point on wing tip-plate to reference water 

surface (PAR mode), ft 

Total wetted area of aircraft, ft2 

Span, horizontal tail, ft 

Tip chord, vertical tail, inches 

Wetted area, nacelles, total, ft2 

Figure C-4. Geometry Equations (Continued) 



WING GROUP 

IW2 
GNZ b AR (i^) 

X **■ A 

cos A^ [3(t/c)R + (t/c)T]/4 
x 10" 

Ww 

WTP 

= [CWING (Sw)" (IW2)b Kc5 Kws + WTP] K^ 

INPUTS 

G 

Nz 

b 

AR 

X 

Ac/4 

(t/c)R 

Sw 

Kws 

KMATL 

Flight Design Gross Weight, lb 

Ultimate load factor 

Span, wing, ft 

Aspect ratio, wing 

Taper ratio 

Sweep angle, quarter chord, degrees 

Thickness ratio, root 

Wing area, gross, sq ft 

Factor to index equation to the Lockheed C5-B, (1.11) 

Factor to index equation to reference wing ship, (1.88) 

Material factor, (0.8) 

Figure C-5. Weight Prediction Equations 
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CALCULATED VALUES 

IW2 Loading term 

WTP Weight of wing tip plates, lb 

SyvTp Planform area of tip plates, per ship, sq ft 

Ww Wing Group weight, lb 

Note: In the automated-geometry mode some of the geometry shown as inputs are 

calculated values. (See Geometry equations) 

FUSELAGE GROUP 

wF =  Cpus (SF)" (Kc D0 La WCB Nz x 10^)b Kws K^ 

WCB =  TOGW - Ww - WpuEL 

Kc =  0.3634 (1.75178 + B0/D0), when B0/D0 * 1.0 

Kc =  0.6366 (0.57082 + B0/D0), when B0/D0 h 1.0 

INPUTS 

La Length, fuselage, ft 

B0 
Width, fuselage, ft 

Do Depth, fuselage, ft 

KMATL Material factor, (0.8) 

Nz Ultimate load factor 

Kws Factor to index equation to reference wingship (1.38) 

TOGW Takeoff Gross Weight 

CALCULATED VALUES 

WCB Weight of body and contents, lb 

sF Wetted area, fuselage, sq ft 

Kc Shape factor, fuselage 

w. 
w 
w 

FUEL 

W 

Weight of Fuselage Group, lb 

Weight of usable fuel, lb 

Weight of Wing Group, lb 

Figure C-5. Weight Prediction Equations (Continued) 
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• 

EMPENNAGE 

WH =   [Q (SH)a + Q (Crv)] (KCSH) (KWSH) (U 

Wv -   Cv (^v)a (^C5v) (KWsv) (^MATL) 

INPUTS 

Crv Tip chord, vertical tail, inches 

^CSH Factor to index equation to C5-B, (1.03) 

^WSH 
Factor to index equation to reference wingship, (1.65) 

Kcsv Factor to index equation to C5-B, (1.00) 

^wsv Factor to index equation to reference wingship, (2.5) 

^MATL Material factor, (0.8) 

CALCULATED VALUES 

wH Weight of horizontal tail, lb 

SH 
Area of horizontal tail, ft 

• 
Wv 

Weight of vertical tail, lb 

Sv Area of vertical tail, sq ft 

LANDING GEAR CHvdro-Ski) 

WHS 
=  QL.B, 

INPUTS 

L. Length, fuselage, ft 

B0 
Width, fuselage, ft 

CALCULATED VALUES 

WHS Weight, hydro-ski, lb 

ENGINE SECTION (Caravelle Tvoe) 

WßSA =  Q (We)' (T)b (Nz)6 (Nc) (KWSES) 

• 
Figure C-5. Weight Prediction Equations (Continued) 
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INPUTS 

We Weight of engine, lb/ea. (incl. nozzle) 

Nz 
Ultimate load factor 

^WSES 
Factor to index equation to reference wing ship, (2.91) 

CALCULATED VALUES 

T Thrust of (1) engine, lb/ea. 

Ne 
Number of engines 

WßSA Weight of Engine Section group, lb 

PROPULSION GROUP 

W„ q (WeNe)
a KWSP 

INPUTS 

We Weight of engine, lb/ea. (incl. nozzle) 

K WSP Factor to index equation to reference wingship, (2.32) 

CALCULATED VALUES 

N Number of engines 

W„ Weight of Propulsion Group, lb 

FIXED EQUIPMENT 

W, FC Cx [(La + —?—) GNZ q x 10"<? (1.5) 
cosA d4 

w, INSTR q W w (L, + 1 cos A 
b f 

clA 

W APU C^G)8, or 1600 lb, whichever is less 

Figure C-5. Weight Prediction Equations (Continued) 
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FTXED EQUIPMENT (ConO 

W^ -  Q(G)a + C^G)«1 + C3(G)f (La+b)(2) 

W, ELECT 
=    Ct (KVA)* (L, + 

cos A 
b   « 

d* 

WAV 

WpuRN 

w, ECS 

w AI 

Cj(G)", or 4000 lb, whichever is less 

Q La + QNe + QSw + (W2 + Nc/4) + 3200 

[(QNe + Q Mn + 1.25 (WAV)a + 10,000)b x 10"4] KECS 

=     q + C2 Ne ♦ C3 ( 
cos A 

-) + C4 [ 'H 

e/4 cos A H cos A 
-] 

KVA 

WEQ 

INPUTS 

G 

Nz 

La 

Nc 

Sw 

AH 

Av 

AC/4 

Q(G) 

Q (WAV)a (La)
d (Ne) + Q(G)f 

WFC + WW + WAPU + WHYD + WELECT + WAV + 

WECS + WA, + WLH 

Flight Design Gross Weight, lb 

Ultimate load factor 

Length, fuselage, ft 

Number of crew 

Area, wing, gross, sq ft 

Sweep angle of leading edge, horizontal tail, degrees 

Sweep angle of leading edge, vertical tail, degrees 

Sweep angle of wing quarter-chord, degrees 

"TURN + 

CATnHATED VALUES 

b Span, wing, ft 

q Dynamic pressure, lb/ft2 

Figure C-5. Weight Prediction Equations (Continued) 



Mo Mach no. 

Ne 
Number of engines 

bH 
Span, horizontal tail, ft 

bv 
Span, vertical tail, ft 

WFC 
Weight, Flight Controls group 

WJNSTR Weight, Instrumentation group 

^APU Weight, Auxiliary Power System 

WHYD Weight, Hydraulic group 

WELECT Weight, Electrical group 

wAV Weight, avionics, installed 

WpuRN Weight, Furnishings group 

wECS Weight, Air Conditioning group 

WAX Weight, Anti-icing group 

WLH 
Weight, Loading and Handling group 

KVA Power requirement, electrical, kilovolt-amp 

OPF.RATTNG WEIGHT EMPTY ITEMS 

WC =  200 Nc 

wOIL =  75 Ne 

WUNP =  O-OIWFUEL 

WME =  500 Nc 

WPLP =   11-5 La 

"OPER =  Wc + WOIL + WUNF + WME + WPLP 

INPUTS 

Nc 

N. 

Number of crew 

Number of engines 

Length, fuselage, ft 

Figure C-5. Weight Prediction Equations (Continued) 
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CALCULATED VALUES 

W 

Wc 

W, 

w 
w 

UNF 

OIL 

ME 

PLP 

w, 
w 

OPER 

FUEL 

Weight, unusable fuel, lb 

Weight, crew, lb 

Weight, oil, lb 

Weight, miscellaneous equipment, lb 

Weight, payload provisions, lb 

Summation of Operating W.E. items, lb 

Weight, usable fuel, lb 

USABLE FUEL 

WSTRUCT   =  Ww + Wf + WH + Wv + WHS + W
ESA 

WPAYLOAD =   (FRACPL) (TOGW) 

WEMPTY     =  WSTRUCT + WP + WEQ 

WFUEL        =  TOGW - WOPER - WPAYLOAD - WEMPTY 

INPUTS 

TOGW Takeoff Gross Weight, lb 

FRACPL      Ratio, payload weight to TOGW 

CALCULATED VALUES 

WPAYLOAD Weight of payload, lb    • 

WOPER Summation of Operating W.E. items, lb 

WEMPTY Weight Empty, lb 

WFUEL Weight, usable fuel, lb 

WEQ Weight, Fixed Equipment, lb 

Ww Weight, Wing Group, lb 

wF Weight, Fuselage Group, lb 

wH Weight, horizontal tail, lb 

Wv 
Weight, vertical tail, lb 

WHS 
Weight, hydro-ski, lb 

Figure C-5. Weight Prediction Equations (Continued) 
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CALCULATED VALUES (Cont.) 

W, ESA 

W, STRUCT 

w 
w, 

EQ 

OPER 

Weight, Engine section, lb 

Weight, Structure, lb 

Weight, Propulsion Group, lb 

Weight, Fixed Equipment, lb 

Summation of Operating W.E., items, lb 

Figure C-5. Weight Prediction Equations (Continued) 



HPAR =  0.6 (La) (TAN 6) 

TOGW (HPAR) 
TREQPAR KPAR (CAV0) (0.67) 

TNPUTS 

6 

KPAR 

TOGW 

Length of fuselage, ft 

Angular displacement of HRP with respect to the local horizontal, 

degrees, (2.6) 
Input value of TOGW(HPAR)/(TREQPARCAVG), from chart, (0.56) 

Takeoff Gross Weight, lb 

CALCULATED VALUES 

HPAR Vertical distance from lowest point on wing tip-plate to reference water 

surface, ft 

TREQPAR   Total thrust requirement in PAR mode, lb 

"AVG Average chord, wing, ft 

Figure C-6. Power Augmented RAM Equations 
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C.5 PROPULSION SYSTEM CHARACTERISTICS 

The vehicle propulsion system consists of a number (even number) of Pratt and Whitney 
4084 high bypass turbofan engines. Propulsion parameters are given in Figure C-7. 

Estimated Properties: 

Fan diameter: 112" Fan case diameter « 120" Max diameter (w nacelle) * 142" Engine 
length (flange-flange) = 192" Inlet duct length * 72" Fan case length * 72" Fan duct 
length (dry) * 54" Total fan length « 198" Bypass ratio * 8 Rated airflow (Wl R) « 2440 
pps Inlet capture area * 62 ft2 Weight (dry) * 14,000# Estimated Installed Weight * 
15,5000# (no reverse) A bypass air "duct burner" has been proposed to provide increased 
thrust. Estimated effects include increasing fan length to « 222", and increasing installed 
weight to *17,500#. 

Engine Performance: 

Bare performance data was obtained from P&W. This data was curve fit for use in a 
computer program. Operating envelope: Sea level and 5,000 ft (standard day) Mach 
number: 0.0 - 0.70 

The average ratio of bypass gross thrust to total gross thrust (FGFAN /FGToT) « 0.84. 

Performance utilizing duct burning augmentation was estimated based on analysis 
performed by SRS Technologies, Arlington, VA, a company involved in propulsion 
analysis for the WIG project. With duct burning limits of 700°F for bypass air, the 
estimated increase in fan gross thrust is « 35%, creating a total gross thrust increase 
«30%. 

Cruise Performance: 

Cruise thrust requirements are expected to be much less then the thrust available from 
all the engines. For this analysis, it is assumed that some engines will be shut down with 
feathered fan blades in cruise flight, and only those required to produce sufficient thrust 
for cruise will be operating (an even number). Engine cruise thrust performance should 
be maintained in the range of approximately 40% to 85% of max dry power. Duct 
burning is not utilized for cruise power. It is assumed that the variable fan blade feature 
would yield a 10% decrease in engine SFC due to more optimized engine performance. 
A weight penalty was included for this feature. 

The drag (lb) created by non operating engines is book kept in the propulsion section, 
and included as part of the cruise thrust requirement. No additional performance losses 
are included to account for use of onboard APU systems, or engine bleed/power 
extractions. 



THOB 

TH5B 

TSFCB 

TSFCCRZ 

FGQFN 

FN, MAX 

(82000 - 76754-Xm + 32680-Xm2)-ENGSCL 

(71340 - 74786-Xm + 51102-Xm2)-ENGSCL 

0.335 + 0.31232-Xm + 0.1058-Xm2 

1.15 • TSFCB 

1.0 + 0.88-Xm+2.10-Xm2 

=    THOB + Alt 
5000 

(TH5B - THOB) 

FGmax 

AFG BURN 

FN, BURN 

WF "* max 

WFBRNO 

WFBRN5 

WF. TOT 

= FNmax-FGQFN 

- FGmax • (AUGQ-1) 

= FN^ + AFGBURN 

- FN^-TSFCB 

= (55000-1821.4-Xm + 38929-Xm2)-ENGSCL 

= (46500-1345.2-Xm + 32738-Xm2)-ENGSCL 

WMAX + WFBRNO ♦-^ (WFBRN5-WFBRN0) 

ACAP =    62 • VENGSCL 

ENDRAG 

WFCRZ 

=  0.12-q-AcAp 

=  FN, CRZ TSFC CRZ 

INPUTS 

Xm 

Alt 

ENGSCL 

q 
AUGQ 

Flight Mach Number 

Flight altitude (ft) s 5000' 

Engine Scale Factor 0.80 -1.20, typical 

Flight dynamic pressure, psf 

Burner gross thrust augmentation ratio (FGBURN/FGDRY) 

Figure C-7. WIG Propulsion Equations 
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THOB 

TH5B 

TSFCB 

TSFCRZ 

FGQFN 

FGmax 

AFG BURN 

CALCULATED (All calculations are per engine^ 

Max dry net thrust at sea level (lb) 

Max dry net thrust at 5000' (lb) 

Thrust specific fuel consumption at max dry thrust (lb/hr/lb) 

Thrust specific fuel consumption at dry cruise power (lb/hr/lb) 

Ratio of gross thrust to net thrust (Fg/Fn) 

Max dry net thrust (lb) 

Max dry gross thrust (lb) 

Additional gross thrust due to duct burning augmentation (lb) 

Max net thrust with duct burning augmentation (lb) 

Fuel flow at max dry net thrust (lb/hr) 

WFBRNO    Fuel flow for duct burning augmentation at sea level (lb/hr) 

WFBRN5     Fuel flow for duct burning augmentation at 5000' (lb/hr) 

WFTOT Total fuel flow at max thrust (lb/hr) 

ACAP Engine inlet capture area (ft2) 

ENDRAG     Drag of non-operating engine (lb) 

WFCRZ Engine fuel flow at dry cruise power (lb/hr) 

FNCRZ Engine net thrust at dry cruise power (40% - 85% of FN^ typical) 

Figure C-7. WIG Propulsion Equations (Continued) 

FN, BURN 

WF max 
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C.6 AERODYNAMICS MODULE 

The zero lift cruise drag of WIG parametric configurations is based upon conventional 
methods using component wetted area (wing, tail, fuselage, etc.), friction drag at the 
calculated flight Reynolds number from standard turbulent skin friction curves and 
appropriate additive form drag for each component. Drag due to lift is calculated using 
the Wieselsberger equation which will represent the induced drag of wings in the 
presence of a ground plane. The methods used to calculate the cruise lift-to-drag ratio 
for the parametric program are delineated below and in Figure C-8. 

C.7 PERFORMANCE 

Cruise fuel available was defined as total fuel available less 5% reserve fuel less takeoff 
fuel required. (See propulsion Equations for derivation of takeoff fuel requirement). For 
the purpose of range/endurance calculations the flight was divided into three cruise legs, 
each corresponding to one-third cruise fuel expended. Values of gross weight, velocity, 
drag, fuel flow rate, thrust and Mach number were calculated at the beginning and at the 
end of each leg. Average values were then used to calculate range and flight time for the 
leg. Total range was the sum of the ranges calculated for the three legs, less a 350 nm 
allowance to account for an alternate location for landing. 

The equations in Figure C-9 show the calculations for the first leg. The second and third 
legs were calculated in a similar manner. WFCRZ and WFTO were taken from the 
Propulsion equations. The initial cruise speed was calculated for a given CL and wing 
area. As gross weight was reduced due to fuel burn-off cruise height and L/D were held 
constant and speed was reduced. 

C.8 SENSITIVITY STUDIES 

The baseline aircraft selected for sensitivity studies is a lOM pound gross weight vehicle 
with a 0.2 payload fraction, and a 5,667 nm range. Figure C-10 tabulates a sub 
optimization for this vehicle and identifies the specific vehicle selected. Geometric 
parametric are wing aspect ratio 3.0; wing area 40,000 sq. ft; horizontal tail area 16,247 
sq. ft; vertical tail area 8,425 sq. ft; wing span 346.4 ft; wing root chord 141.68 ft; wing tip 
chord 89.26 ft; wing thickness ratio 0.1; fuselage length 468.7 ft; width 32.50 ft; and depth 
52.42 ft 

This configuration has 18 afterburning engines, of which 8 are operating during cruise. 
Engine diameter is 13.18 ft, and fan length is 18.50 ft. This is the vehicle that was used 
to study the various sensitivities that influence the design process. Its Group Weight 
statement is attached. (Figure C-ll). 

Sensitivities to significant parameters are presented in Figure C-12 through C-18. 
Included are sensitivities to vehicle range of wing aspect ratio, structural materials weight 
factor, design cruise height (sea state), out of ground effect cruise, payload fraction, 
engine performance parameters, wing loading and weight empty fraction. 
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Figure C-8. Aerodynamic Equations 



ex. 
18.24 (Cj) (l-o) 

AR(0.85) 

CDT0T 

L/D 

=    QjOTOT +  M3i 

=    Q, / Q)TOT 

INPUTS 

b 

AR 

Span, wing, ft2 

Aspect ratio, wing 

H, WIG 

ALT 

Vertical distance from lowest point on wing tip - plate to water surface 

(cruise), ft 

Cruise altitude, ft 

CALCULATED VALUES 

AALT 

RNn 

Effuse 

AC 'fefuse 

AC Dofuse 

RN w 

■'fcring 

fewing AC, 

^^Dowing 

Q)OTOT 

O 

cL 

AR •eff 

Co, 

Reynolds Number per ft 

Reynolds Number, fuselage 

Friction drag coefficient, fuselage 

Equivalent friction drag coefficient, fuselage 

Zero lift drag coefficient, fuselage 

Reynolds number, wing 

Friction drag coefficient, wing 

Equivalent friction drag coefficient, wing 

Zero lift drag coefficient, wing 

Total equivalent friction drag coefficient 

Total zero-lift drag coefficient 

Ground effect parameter 

Lift coefficient, total 

Effective aspect ratio 

Total induced drag coefficient 

Figure C-8. Aerodynamic Equations (Continued) 
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CALCULATED VALUES (Cont.) 

oc. Induced angle of attack, total 

Total drag coefficient 

Lift/drag ratio 

Area, wing, ft2 

Wetted area, fuselage, ft2 

Average chord, wing, ft 

Total wetted area of aircraft, ft2 

Figure C-8. Aerodynamic Equations (Continued) 
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GW, INITCR 
=  TOGW-WFTO 

'INITCR 
GW, INITCR (295) 

>       CL(
S

W) 

M 

D 
INITCR 

INITCR 

WDOT, IC 

CRPLUS 

GW 33PC 

V, CR33PC 

viNrrcR / 661 

GW^CR / (L/D) 

WFCRZ (SERVTOL) 

WpuEL - 0.05 (WFUEL) - Wpro 

GWJJ^TCH - FCRPLUS / 3 

GW,3PC(295) 

>      CL(
S

W) 

McR33PC =    VCR33PC / 661 

DcR33PC -  GWCR33pC / (L/D) 

WDOT33PC =  WFCRZ (SERVTOL) 

2 (0.333) (FWus) 
33PC WDOTJC + WDOT33PC 

DIST33PC 

RANGE 

ENDUR 

=  TIME^pc (VD^TCR + VCRJJPC) / 2 

=  DISTaapc + DIST3367 + BISTUM - 350 

=   TIME33PC + TIME^ + TIMELEG3 

INPUTS 

TOGW Takeoff Gross Weight, lb 

SERVTOL   Service tolerance factor, (1.05) 

Sw Wing area, ft2 

Figure C-9. Performance Equations 
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CALCULATED VALUES 

GWJJOTCR Aircraft weight at initial cruise, lb 

MNTTCR Velocity at initial Cruise, knots 

^INTTCR Mach No. at initial cruise 

DiNTTCR Drag at initial cruise, lb 

WDOTJC Fuel flow rate, initial cruise, lb/hr 

FcRPLUS 

GW33pC 

VcR33PC 

CR33PC M, 

DcR33PC 

WDOT33PC 

TIME33PC 

DIST. 33PC 

RANGE 

ENDUR 

W, FTO 

W, FCRZ 

L/D 

Cruise fuel available at initial cruise, lb 

Aircraft weight at 1/3 cruise fuel expended, lb 

Velocity at 1/3 cruise fuel expended, knots 

Mach No. at 1/3 cruise fuel expended 

Drag at 1/3 cruise fuel expended, lb 

Fuel flow rate at 1/3 cruise fuel expended, lb/hr 

Time, start cruise to 1/3 cruise fuel expended, hr 

Distance, start cruise to 1/3 cruise fuel expended, n.m. 

Distance, start cruise to end cruise, n.m. 

Time, start cruise to end cruise, hr 

Weight of takeoff fuel required, lb 

Lift coefficient, total 

Fuel flow rate, lb. Multiply by service tolerance to get WDOT. 

(Takes on different values for different cruise legs.) 

lift/draft ratio 

Figure C-9. Performance Equations (Continued) 
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Figure C-ll. Wingship Group Weight Statement 



Figure C-12. Sensitivities: Wing Aspect Ratio 



Figure C-13. Sensitivities: Structural Materials Weight Factor 



Figure C-14. Sensitivities: Operating Weight 
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Figure C-15. Sensitivities: Altitude/Payload Fraction 



Figure C-16. Sensitivities: Engine Performance Parameters 



Figure C-17. Sensitivities: Wing Loading 
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Figure C-18. Sensitivities: Weight Empty/Wing Thickness Ratio/Fus. Width-Depth 
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Landplane Capability 

LANDPLANE CAPABILITY 

As part of this study, data on landplanes and future 
landplane concepts was acquired from various sources.  The 
orimary categories of aircraft considered were b°^ers *°L.tneir 
potential long range capability, unrefuelled, and transport 
SSSaft bo^commlrcial and military. Only do^^ic bombers 
were considered and only recently unclassified data was used. 
This limited consideration to these bombers arranged by 
increasing Maximum Take-Off Weight (MTOW - lbs), shown hereunder 
in Table 1: 

Aircraft 

TABLE 1 

# of Engines 

4 
4 
8 

MTOW 

163,000 
389,800 
488,000 

Reference 

1 
2 
3 

Convair B-58A 
Rockwell B-1A 
Boeing B-52G 

Although the B-58A and B-1A were designed to be able to • 
dash cruise at supersonic speed, the greater portions of their 
SiSar^iilsions were to be conducted at subsonic speeds. . The 
£££. Hso"exhibited lower empty weight ^ions relive to 
commercial aircraft.  In some part this was due ^ construction 
methods and materials and, also, the lower load factors used by 
the service for their operation. 

Data on large landplanes and future landplane concepts 
other than the bomber data identified above was acquired from 
various sources identified in Table 2.  Reference 4 is «Janes All 
The World Aircraft» and numerous editions were used to gather 
data because data on a particular aircraft type varied from one 
volume ?o Mother or there was inadequate data in one volume and 
it had to be supplemented by data from another volume. Therefore, 
the year span fo? this data is identified in the references for 
all aircraft rather than a particular aircraft. 

Aircraft 

TABLE 2 

# of Engines 

Airbus 321-100 
Boeing 727-200 
Boeing 757-200 
Boeing 707-320B 
Vickers Super VC-10 
Douglas DC-8 Srs 63 
Airbus A300-60OR 
Boeing 767-300ER 
Lockheed L-1011-1 Tristar 
McDonnell Douglas DC-10 Series 10 
Lockheed L-1011-200 Tristar 
Airbus 330-300 
Lockheed L-1011-500 Tristar 
McDonnell Douglas DC-10 Series 30 

2 
3 
2 
4 
4 
4 
2 
2 
3 
3 
3 
2 
3 
3 

MTOW 

181,220 
209,501 
240,965 
333,690 
335,000 
350,000 
380,520 
400,000 
430,000 
455,000 
466,000 
491,030 
504,000 
572,000 

Reference 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
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Landplane Capability 

civilian aircraft empty weights compatible with the military 
empty weights the civilian Basic Operating Weight or Operating 
Weight Empty was reduced by 0.03% to allow for unusable fuel and 
oil, crew and crew baggage, water, food and other miscellaneous 
items of convenience not in the basic payload.   The Dr. L. M. 
Nikolai line is the result of a regression derived equation 
presented in his Course on Aircraft Design of 16 July, 1384. The 
equation is: 

W(Empty) = 0.911*(MTOW)**0.947 

It is clearly a good predictor of empty weight for landplanes. 
Note that the Super VC-10 had an empty weight fraction 0.443 
which was at least 10% higher than its competition. These higher 
fraction was caused by the requirement to operate from hot and 
high runways with no payload degradation and the positioning of 
the engines on the rear of the fuselage aft of the wing trailing 
edge, two either side in Siamese nacelles. This arrangement is 
similar to the Lun/Spasatel.  But they have four engines each 
side of the fuselage in a common nacelle pod ahead of the wing. 

Figure 4 shows useful load to gross weight ratio which is 
directly related to the empty weight fraction and can be used for 
gaging the payload and range capability, useful load is the 
summation of fuel and payload. 

Figure 5 shows the projected fuel weight to gross weight 
ratio for landplanes. Although the trend line tends to show a 
decreasing fuel weight/gross weight fraction, the gradient of 
which might be steeper with the introduction of new structural 
materials, the majority of points indicate that it will tend to 
remain constant. The bombers show a significant increase due to 
the lower payload fraction and lower operational load factors 
(g's) than commercial aircraft. 

Figure 6 and 7 show the maximum payload and payload with 
maximum fuel to weight ratio versus gross weight, respectively. 
The trends clearly show an increase in payload for a given range 
with increase in aircraft gross weight. As can be seen, with 
very large landplanes payload fractions of 10 - 15% are likely 
with passenger payload. With maximum payload no aircraft can 
currently achieve a range in excess of 7,000 n.m., Figure 8. 
Figure 9, shows ranges above 7,000 nautical miles can be achieved 
with maximum fuel load with a gross weight of the order of 266 
metric tons. Note that the Super VC-10 which had a MTOW of 
335,0001b had considerably less range than the Boeing 707-320B. 
This was caused by three design features: 

o hot and high airfield capability 

o increased structural weight due to the rear location of 
the Rolls Royce RCO-43 Conways 

o increased drag associated with mounting two engines 
side by side (Siamese Nacelles) on each side of the 
fuselage. 

- 3 - 
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TABLE 2 (Cont'd) 

Aircraft 

McDonnell Douglas C-17 
Airbus A340-300 
Boeing 777 B2 
McDonnell Douglas MD-11 
Boeing 747SP 
Boeing 747-100 
Boeing 747-200 
Boeing 747-300 
Lockheed C-5B 
Boeing 747-400 
McDonnell Douglas MD-12 
Lockheed SpanLoader 
Dornier 1000 Concept 

# of Engines  MTOW 

4 580,000 
4 588,630 
2 590,000 
3 618,000 
4 700,000 
4 710,000 
4 833,000 
4 833,000 
4 837,000 
4 870,000 
4 949,000 
6 1,200,000 

10 2,205,000 

Reference 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
5 
6 

Commercial aircraft considered included two, three and 
four engine aircraft either in or about to fter service, a large 
long range high capacity aircraft project, a spanloader and a 
landplanS /seaplane concept of the early 1980's.  Data on Soviet 
large commercial and military transports is sketchy and was 
inadequate to include in the current data base.  Specific 
aircraft and projects considered are arranged by increasing 
Maximum Take-off Weight (MTOW - lbs) as shown above. 

Figure 1 shows the thrust to weight ratio as a function 
of gross weight. The bombers, specifically the B-58 and B-1A 
werl supersonic and this was reflected in their thrust to weight 
ratios. The Boeing 727-200 has a higher thrust to weight ratio 
than the current long range first generation :jets owing to the 
airline requirements to be able to use medium length runaways, 
6,000 to 7,000 ft.  The higher thrust to weight ratio of the 
SuDer VC-10 also is a result of airfield requirements.  Because 
otP?hethrust fapse rate of the large high bypass ratio turbofans 
with both altitude and speed, it was necessary to use a higher 
thrust to weight ratio to obtain the cruise speeds and altitudes 
or^he mediumgto long range narrow body Jets  The twin engine 
nets are penalized to some extent because of the single engine 
second segment climb and possible single engine cruise altitude 
requirements. This results in a higher thrust to weight ratio 
than the three and four engined airliners. However, a side 
benefit of the certification requirements are shorter runway 
lengths for take-off. 

Figure 2 shows the wing loading plotted as a function of 
gross weight. As can be seen the general trend for subsonic 
aircraft is to go to higher wing loadings while the reverse is 
IruTlor large supersonic aircraft. To offset span ^ations 
the use of lower aspect ratio wings and loadings is predictable 
for future ultra large landplanes. 

Figure 3 shows the empty weight to gross weight ratio for 
the selectld landplanes. .The general trend ^towards decreasing 
empty weights as gross weight is increased.  In order to make the 

- 2 - 
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An intangible benefit of the Super VC-10 configuration 
which is not shared by the Russian Lun/Spasatel c°nfl^ation 
since the engines are ahead of the wing leading edge, was that 
the passenger cabin was the quietest of any airliner. Once 
airborne the noise of the Rolls Royce Conways was never heard. 
U.K. Civil Aviation Authority did not allow passengers to sit in 
line with the engine compressor faces. BOAC experienced much 
higher load factors on routes flown by the Super VC-10 and 
VC-10's compared to when using the 707-420. The low bypass 
Conway engines caused a minor sonic fatigue problem with the 
horizontal stabilizer resulting in a beef-up of the skin and 
stabilizer trim hinges. A sonic fatigue problem may not occur on 
the Lun/Spasatel because the fuselage and wing ;*^s*rf *"!??, to 
heavier for other reasons. However, sound Pr°ofin9Ti

s
cii^

lv
t£° 

be a necessity given the location of the engines.  In short, the 
British experience with the VC-10 suggests that even a reversed 
configuration as with the Lun/Spasatel is likely to be a 
relatively poor performer as a flying machine excluding all other 
aspects of its design. 

Figure 10, shows the cruise speed trend as a function of 
gross weight. Although Mach number effects can be expected to 
limit cruise Mach number, if landplanes get larger ^creases in 
parasitic drag coefficient may be offset by higher ">*uced .^ag 
Swing to terminal constraints limiting the span of future large 
landplanes.  However, new wings designed to achieve laminar flow 
may result in slightly higher cruise speeds.  Whether ^ net gain 
results will be dependent on the engine specific fuel consumption 
characteristics. 
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LANDPLANE PERFORMANCE CHARACTERISTICS 

Parameter 

t 
Cross Weight (lbs) 
Thrust, Totat (lbs) 
Empty Weight (lbs) 
Payload (lbs) 
Range (run.); Max Fuel 
Range 8 Max Payload (n.m.) 
Maximum Payload (lbs) 
Cruise Speed (knots) 
Gross Wing Area (ft**2.0) 
Wing Loading (lbs/ft**2> 
Max Fuel Weight (lbs) 
Thrust/Gross Weight 
Empty Weight/Gross Weight 
Fuel Weight/Gross Weight 
Maximum Payload/Gross Weight 
Useful Load/Gross Weight 
Payload/Gross Weight with Maximum Fuel 

Convair Hustler North American Boeing Airbus 

B-58 B-1A B-52G A321-100 

163,000.00000 389,800.00000 488,000.00000 181,220.00000 

62,400.00000 119,400.00000 110,000.00000 62,000.00000 

55,600.00000 173,000.00000 180,041.00000 103,771.00000 

8,555.00000 50,000.00000 25,469.00000 39,990.00000 

4,100.00000 6.242.00000 6.758.00000 2,300.00000 

2,145.00000 2,954.00000 5,986.00000 1,831.00000 

8,555.00000 75,000.00000 25,469.00000 48,546.00000 

525.00000 562.00000 459.00000 459.00000 

1,542.50000 1,946.00000 4,000.00000 1,325.00000 

105.67261 200.30832 122.00000 136.76981 

98,020.00000 238,687.00000 312,195.00000 41,943.00000 

0.38282 0.30631 0.22541 0.34213 

0.34110 0.44382 0.36894 0.54262 

0.60135 0.61233 0.63974 0.23145 

0.05248 0.19241 0.05219 0.26788 

0.65890 0.55618 0.63106 0.45738 

0.05248 0.12827 0.05219 0.22067 



na 
200 

209,501. 
48,559. 
101,774. 
27,500. 
2,370. 
2,160. 

40,993. 
467. 

1,647, 
127, 

68,705 
0 
0 
0 
0 
0 
0 

00000 
00000 
00000 
,00000 
,00000 
.00000 
.00000 
.00000 
.00000 
.20158 
.00000 
.23178 
.45579 
.32795 
.19567 
.54421 
.13126 

Boeing 
757-200 

240,965. 
76.435. 
125,811. 
38,449. 
4,727. 
3,319. 
58,489. 

459, 
1,948, 

123 
50,385 

0 
0 
0 
0 
0 
0 

00000 
00000 
00000 
,00000 
,00000 
.00000 
.00000 
.00000 
.00000 
■69867 
.00000 
.31720 
.49211 
.20910 
.24273 
.50789 
.15956 

Boeing 
707-320 

333,690. 
76,000. 
141,000. 
40,635. 
6,493. 
5,420. 

53,900. 
478, 

3,050, 
109 

155,058 
0 
0 
0 
0 
0 
0 

Vickers 
Super VC-10 

Douglas 
DC-8 Series 63 

00000 
00000 
00000 
,00000 
,00000 
.00000 
.00000 
.00000 
.00000 
.40656 
.00000 
.22776 
.39255 
.46468 
.16153 
.60745 
.12177 

335,000. 
90,000. 
158,594. 
32,000. 
5,571. 
3,689. 

50,406. 
478. 

2,806. 
119 

151.047 
0 
0 
0 
0 
0 
0 

00000 
00000 
00000 
00000 
,00000 
,00000 
.00000 
.00000 
.00000 
.38703 
.00000 
.26866 
.44341 
.45089 
.15047 
.55659 
.09552 

350,000 
76,000. 
153,749. 
55,685. 
5,300. 
3,907. 

67,735. 
459, 

2,927. 
119, 

157.788 
0 
0 
0 
0 
0 
0 

00000 
,00000 
,00000 
,00000 
,00000 
.00000 
.00000 
.00000 
.00000 
.57636 
.00000 
.21714 
.40928 
.45082 
.19353 
59072 
15910 

Airbus 
A300-600R 

380,520 
123,000 
197,523. 
57,405. 
4,210. 
3,060. 
89,077. 

472. 
2,799. 

135, 
129,230 

0 
0 
0 
0 
0 
0 

00000 
00000 
00000 
,00000 
,00000 
.00000 
.00000 
.00000 
.00000 
.94855 
.00000 
.32324 
.48909 
.33961 
.23409 
51091 
15086 



Boeing Lockheed McDonnell Douglas Lockheed Airbus Lockheed 

67-300ER 1-1011-1 Trister DC-10 Series 10  L ■1011-200 Trister A330-300     L- •1011-500 Trister 

400,000.00000 430,000.00000 455,000.00000 466,000.00000 491,030.00000 504,000.00000 

124,364.00000 126,000.00000 123,000.00000 144,000.00000 144,000.00000 150,000.00000 

198,195.00000 241,700.00000 267,197.00000 248,400.00000 266,020.00000 245,400.00000 

46,892.00000 55,040.00000 54,825.00000 55,040.00000 72,025.00000 52,890.00000 

6,060.00000 4,220.00000 3,125.00000 4,920.00000 5,300.00000 6,080.00000 

4,897.00000 2,740.00000 2,350.00000 3,610.00000 3,947.00000 5,236.00000 

89,794.00000 83,300.00000 98,500.00000 89,600.00000 113,000.00000 92,608.00000 

459.00000 480.00000 470.00000 480.00000 470.00000 480.00000 

3,050.00000 3,456.00000 3,861.00000 3,456.00000 3,908.00000 3,556.00000 

131.14754 124.42130 117.84512 134.83796 125.64739 141.73228 

156,325.00000 154,791.00000 141,050.00000 172,263.00000 160,550.00000 212,000.00000 

0.31091 0.29302 0.27033 0.30901 0.29326 0.29762 

0.46549 0.53209 0.55725 0.50305 0.51176 0.45690 

0.39081 0.35998 0.31000 0.36966 0.32697 0.42063 

0.22448 0.19372 0.21648 0.19227 0.23013 0.18375 

0.53451 0.46791 0.44275 0.49695 0.48824 0.54310 

0.11723 0.12800 0.12049 0.11811 0.14668 0.10494 



M^ormell Douglas 
Beries 30 f 

McDonnell Douglas 
C-17 

,000.00000 
157,500.00000 
267,197.00000 
58,050.00000 
4,000.00000 
3,162.00000 

106,550.00000 

470.00000 
3,958.00000 

144.51743 
237,250.00000 

0.27535 
0.43713 
0.41477 
0.18628 
0.56287 
0.10149 

580,000. 
166,800. 
269,000. 
124,000. 

2,800. 
2,262. 

172,000. 
457. 

3,800. 
152. 

176,202 
0 
0 
0 
0 
0 
0 

00000 
00000 
00000 
00000 
,00000 
,00000 
,00000 
.00000 
.00000 
.63158 
.00000 
.28759 
.43379 
.30380 
.29655 
.56621 
.21379 

Airbus 
A340-300 

588,630. 
136,000. 
283,750. 
80,625. 
7,150. 
6,379. 

106,460. 
470. 

3,908. 
150. 

231,816, 
0 
0 
0 
0 
0 
0 

00000 
00000 
00000 
,00000 
,00000 
,00000 
.00000 
.00000 
.00000 
.62180 
.00000 
.23104 
.45205 
.39382 
18086 
54795 
,13697 

Boeing 
777 B2 

590,000 
168,800. 
304,500. 
80,625. 
6,700. 
4,500. 

120,500. 
476. 

4,605. 
128, 

299,490, 
0 
0 
0 
0 
0 
0 

McDonnell Douglas 
MD-11 

00000 
00000 
,00000 
,00000 
,00000 
.00000 
.00000 

.00000 

.00000 

.12161 

.00000 

.28610 

.48610 

.50761 

.20424 

.51390 
13665 

618,000 
184,500 
288,880. 
69,445. 
6,791. 
5,402. 

122,700. 
473, 

3,648. 
169, 

259,100 
0 
0 
0 
0 
0 
0 

00000 
00000 
.00000 
,00000 
,00000 
.00000 
.00000 
.00000 
.00000 
.40789 
.00000 
.29854 
.43744 
.41926 
.19854 
56256 
11237 

Boeing 
747SP 

700,000 
212,440 
333,000 
77,000. 
5,750. 
5,750. 

77,000. 
481. 

5,500. 
127, 

339,920 
0 
0 
0 
0 
0 
0 

00000 
00000 
,00000 
,00000 
,00000 
.00000 
.00000 
.00000 
.00000 
.27273 
.00000 
.30349 
.44571 
,48560 
.11000 
.55429 
.11000 



Boeing 
47-100B 

710,000. 
187.800. 
378,000. 

97,180. 
4,500. 

3,928. 
148,500. 

481. 
5,500. 

129. 
314,893. 

0. 
0. 
0. 
0. 
0. 
0. 

00000 
00000 
00000 
00000 
00000 

00000 
00000 
00000 
00000 
09091 
00000 
26451 
50239 
44351 
,20915 
,49761 
,13687 

Boeing 
747-200B 

833,000. 

212,440. 
384,000. 

97,180. 
6,150. 

5,362. 
142,500. 

481. 
5,500. 

151. 
353,760. 

0. 
0. 
0. 
0. 
0 
0 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.45455 

.00000 

.25503 

.43098 

.42468 

.17107 

.56902 

.11666 

Boeing 
747-300 

833,000. 
212,440. 
393,000. 
106,640. 
5,650. 

5,085. 
142,000. 

481. 
5,500. 

151. 
353,760. 

0. 
0. 
0. 
0. 
0. 
0. 

00000 
00000 
00000 

00000 
00000 

00000 
00000 
00000 
00000 
45455 
00000 
25503 
44179 
,42468 
,17047 
,55821 
,12802 

Lockheed 
C-5B 

837,000. 
172,000. 
374,000. 
130,500. 
5,618. 

2,982. 
291,000. 

450. 
6,200. 

135. 
332.500. 

0. 
0. 
0. 
0. 
0. 
0 

.OCOOO 
,00000 
.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.20550 

.41683 

.39725 

.34767 

.58317 

.15591 

Boeing 
747-400 

870,000. 
242,400. 
402,900. 
88,580. 
7,100. 

6,182. 
136,549. 

475. 
5,650. 

153. 
386,674. 

0. 
0. 
0. 
0. 
0. 
0 

McDonnell Douglas 
MD-12 

00000 
00000 
00000 
00000 
00000 

00000 
00000 
00000 
00000 
98230 
,00000 
,27862 
,43310 
,44445 
.15695 
.56690 
.10182 

949,000 
256,000 
413.000 
109,865. 

8,000. 

6,498. 
189,000. 

487. 
5,846. 

162. 
426,135, 

0, 
0 
0 
0 
0 
0 

,00000 
,00000 
,00000 
,00000 
.00000 

.00000 

.00000 

.00000 

.00000 

.33322 

.00000 

.26976 

.40519 

.44904 

.19916 

.59481 
11577 



Lockheed 
oader 

• 

Dornier 1000 
Concept 

1,200,000.00000 
315,000.00000 
300,000.00000 
uo.ooo.ooooo 
8,000.00000 
3,500.00000 

650,000.00000 
430.00000 

14,000.00000 
85.71429 

360,000.00000 
0.26250 
0.25000 
0.30000 
0.54167 
0.75000 
0.36667 

2,205,000 
595,640 
823,000. 
275,500. 
10,000. 
3,500. 

882,000, 
435. 

13,994, 
157, 

1,106,375 
0 
0 
0 
0 
0 
0 

00000 
.00000 
00000 
,00000 
,00000 
,00000 
.00000 
.00000 
,00000 
.56753 
.00000 
.27013 
.37324 
.50176 
.40000 
.62676 
.12494 



Seaplane Capability 

SEAPLANE CAPABILITY 

As part of this study, data on large seaplanes and 
future seaplane concepts was acquired from varJ??%5f^fd 
identified^ Table 1. Reference 1 is "J™%£JJ^™ ^cause 
Aircraft" and numerous editions were used to gather data because 
data on a particular aircraft type varied from one volume to 
another or there was inadequate data in one volume ?»* ifc **d *?_ 
Se supplemented by data from another volume. Therefore, the year 
span for this data is identified in the references for all 
aircraft rather than a particular aircraft. 

To benchmark the Beriev A-40, which is an amPkibiou* 
seaplane, the Japanese Shin Meiwa PS-1 was used and these two 
aircraft represent the only large scale seaplane amphibians in 
existence.  Both of the latter aircraft have the capability to 
take-off on conventional runways as well as on water. However, 
for this capability both pay a penalty in payload and/or range. 

Little data is available on the take-off and landing 
performance for the seaplanes. Likewise, the sea states in which 
they are able to operate in is equally vague. ^ mentioned in 
the hydrodynamics section it is important that WIG s of different 
designs be evaluated against common wave spectra and *ha* *?*_ 
evaluation methods be identical. This is also true of seaplanes. 
Cruise performance and aerodynamic design evaluations pf each of 
the concepts need to be done using common assumPtlons4™ 
methodology.  In addition, when range is assessed, difjerent 
manufacturers use differing standards for calculating reserve 
fuel. These range anomalies were ignored for this effort. 

Owing to time constraints, certain specific assumptions 
were made.  For the Saunders Roe Princess, the range with 
reserves was considered to be 90% of the still air range.  For 
the NAWC(AD) 2.5M BFS seaplane, the range was calculated at 
approximately 1/2 fuel load assuming an L/D of 17 and an engine 
s.f.c. of 0.52 at Mach 0.82. 

Table 1, below, presents the gross weights of seaplanes 
and seaplane concepts considered.  These bracket the data 
presented on WIG's up to 1250 metric tons. 

TABLE 1 

Seaplane Maximum Takeoff    Reference 
* Gross Weight 

(lbs) 

Shin Meiwa PS-1 ^*°° 1 
Beriev A-40 T?S ono 2 
Martin P-6M ilS'SSS 1 Saunders Roe Princess 34U,uuu 
Hughes Spruce Goose JnS'nnn 3 
Dornier 1000 Concept 2,200,uuu 
NAWC(AD) 2.5M lb BFS Concept J'?«'??« 5 
Beriev 2000 Concept 2,755,775 5 

- 1 - 



Seaplane Capability 

Figure 1 shows the thrust to weight ratio Plotted against 
gross weight for various seaplanes/flying.boats.  The amphibians 
Sown arethe Shin Meiwa PS-1 and the Beriev A-40. The bhin 
Meiwa flvina boat uses a complex system of high lift devices 
including Country layer control -blown ^de^/laP?0

a^p aaS 

SS2T In. JE" ^a^oweHsÄdel J^^SC 

extremely low and this may explain its one and only flight yhicn 
occurredYin ground effect. Therefore, because of its low thrust 
to weight ratio the Spruce Goose was deleted fro* furtnef ac 
considlration. It is anticipated, as the graph shows, that as 
leSpIanefincrease in size their overall thrust requirement will 
decrease owing to reduced profile drag coefficient both in water 
and in air. 

Figure 2 shows the wing loading at MTOW for the seaplanes 
considered! As can be seen they rarely exceed 100 lbs/ft**2 and 
are about 40% to 80% of normal landplane loadings.  Lower 
loadings appear to be required to keep the take-off and landing 
soeeds as low as possible in order to prevent unacceptable 
vertical accelerations and structural loads during take-off and 
landing" especially in rough seas. The Shin Meiwa PS-1 which has 
a wina loading of 64.84 lbs/ft**2 has a very low take-off speea 
of 52 knots Snd approach speed of 47 knots.  It has demonstrated 
takina-offi in 13 foot high waves and 25 knot winds.  In short, 
ttelw wing loading, efficient high lift devices as well as 
Sowing ^contribute to achieving the low take-off and landing 
speeds while achieving a cruise speed of 230 Knots. 

Figure 3 shows the empty weight to gross weight ratio for 
seaplanes Ind amphibians. As can ^ seen, amphibious capability 
results in an empty weight penalty of the order of 6% if the 
Wunders Roe Princess flying boat fraction is *9™**'J*A

iB 

exoected and is shown that the empty weight faction should 
Crease with aircraft size.  This follows the same trend noticed 
with landplanes, both commercial and military. 

Figure 4 shows useful load to gross weight ratio which is 
directly related to the empty weight fraction and can be used for 
gaging the payload and range capability, useful load is the 
summation of fuel and payload. 

Figure 5 shows the projected fuel weight to gross weight 
ratio for leaplanes. As caS be seen as seaplanes approaching 
"oöS metric tons, fuel fractions of the order of 48% should be 
possible. 

Figure 6 and 7 show the maximum payload and payload with 
maximum SS to weight ratio versus gross weight respectively. 
For long range application payload percentages of the order of 
12* aooear likelvT while for shorter ranges the payload 
percentage may vary between 20% and 40%. Figures 8 and 9 show 

- 2 - 



Seaplane Capability 

the range associated with the maximum payload weight, and maximum 
fuel load, respectively. As can be seen, with very large 
seaplanes payload fractions of 30% and ranges of 3,400 nautical 
miles should be possible while ranges of the order 7,500 nautical 
miles should be achieved with maximum fuel load with a gross 
weight of the order of 1,000 metric tons. 

Figure 10 shows the cruise speed trend as a function of 
gross weight. Although Mach number effects can be expected to 
limit cruise Mach number, as the seaplanes get larger there 
should be a decrease in parasitic drag coefficient giving rise to 
a slight increase in cruise Mach number. Whether a net gain 
results will be dependent on the engine specific fuel consumption 
characteristics. 

- 3 - 
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SEAPLANE PERFORMANCE CHARACTERISTICS 

Parameter 

Gross Weight (lbs) 
Thrust, Total (lbs) 
Empty Weight (lbs) 
Payload (lbs) 
Range (n.m.); Max Fuel 
Range 8 Max Payload (n.m.) 
Maximum Payload (lbs) 
Cruise Speed (knots) 
Gross Wing Area (ft**2.0) 
Wing Loading (lbs/ft**2) 
Max Fuel Weight (lbs) 
Thrust/Gross Weight 
Empty Weight/Gross Weight 
Fuel Weight/Gross Weight 
Maximum Payload/Gross Weight 
Useful Load/Gross Weight 
Payload/Gross Weight with Maximum Fuel 

Shin Meiwa Bereiv Martin Sounders Roe 

PS-1 A-40 P-6H Princess 

94,800.00000 189,595.00000 175,000.00000 345,000.00000 

39,863.00000 63,930.00000 68,000.00000 91,200.00000 

51,367.00000 98,105.00000 75,000.00000 179,000.00000 

4,300.00000 14,330.00000 30,000.00000 50,000.00000 

2,0o0.00000 2,967.00000 2,600.00000 4,459.00000 

2,060.00000 2,212.00000 1,500.00000 4,459.00000 

4,300.00000 14,330.00000 30,000.00000 50,000.00000 

230.00000 388.00000 470.00000 311.00000 

1,462.00000 2,153.00000 1,900.00000 5,250.00000 

64.84268 88.06085 92.10526 65.71429 

40,560.00000 77,160.00000 60,000.00000 116,000.00000 

0.42050 0.33719 0.38857 0.26435 

0.54185 0.51745 0.42857 0.51884 

0.42785 0.40697 0.34286 0.33623 

0.04536 0.07558 0.17143 0.14493 

0.45815 0.48255 0.57143 0.48116 

0.04536 0.07558 0.17143 0.14493 



nornier 1000 NAUC(AO) Beriev 2000 Hughes 

^tecept     2.5M lb BFS Concept Concept Spruce Goose 

^^5,000.00000 2,295,556.00000 2,755,775.00000 400,000.00000 

595,640.00000 720,000.00000 846,720.00000 62,400.00000 

623,000.00000 987,089.00000 1,058,217.00000 

275,500.00000 229,556.00000 396,832.00000 

10,000.00000 8,260.00000 5,396.00000 

3,500.00000 3,049.00000 3,777.00000 

882,000.00000 849,000.00000 573,201.00000 

435.00000 470.00000 405.00000 

13,994.00000 24,589.00000 31,786.00000 

157.56753 93.35703 86.69776 

1,106,375.00000 1,074.912.00000 1,300,725.00000 

0.27013 0.31365 0.30725 0.15600 

0.37324 0.43000 0.38400 

0.50176 0.46826 0.47200 

0.40000 0.36985 0.20800 

0.62676 0.57000 0.61600 

0.12494 0.10000 0.14400 
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Names 
and 
Contacts 

Appendix E 



Wingship Program 
Directory 

Rev 

^fcini, Frank Dr. 

Mechanical Engineering Department 

Montana State University 

Bozeman, MT 59717 

Phone 

Mgmt 

Alcorn, Charles 

SRS Technologies 

3900 N. Fairfax Drive 
Suite 300 

Arlington, VA 22203 

Phone   703-528-2470 

gmt 

chman, Tom 

Fax 

Fax  703-528-4715 

SRS Technologies 

3900 N. Fairfax Dr. 
Suite 300 

Arlington, VA 22203 

Phone   703-528-2470 

Rev 

Beauregard, Beau 

Lockheed 

1725 Jefferson Davis Hwy 
Crystal Square 2, Suite 300 

Arlington, VA 22202-4127 

Fax 703-528-4715 

IO 

Berman, Harry 

ARPA 

3701 N. Fairfax Drive 

Arlington, VA 22203 

Phone   (703)696-2310        Fax 

Rev 

Blankson, Isaiah 

Office of Aeronautics 

NASA Headquarters 

Washington, DC 20546 

Phone Fax 

Rev 

Bode, Wally 
Independent Contractor 

645 Clovertrail Drive 

Chesterfield, MO 63017-2162 

Phone   (314)434-3317 
-8789 

Miss 

Boyanton, Earl 

Stanley Associates 

300 N. Washington Street 

Alexandria, VA 22314 

Fax (314)434-3317 

Phone Fax Phone   (703)684-1125 Fax (703)683-0039 



Rev 

Brining, Dennis 

Lockheed 

1725 S. Jefferson Davis Highway #301 
Crystal Square 2, Suite 301 

Arlington, VA 22202 

Phone   (703)413-5685 Fax  (703)413-5698 

Rev 

Brown, Phil 

Batelle 

Wingship Program 
Directory 

Tech 

Camp, Jim 
Office of Naval Intelligence 

ONI - 235 

4251 Suitland Road 

Washington, DC 20395-5000 

Phone   (301)669-3503 Fax (301)669-4370/4282 

IO 

Carver, Max I. 

NAWC-AD-PAX 

Phone   (614)424-5030 Fax 

IO / Miss 

Buchanan, Ed 

Stanley Associates 

300 N. Washington Street 

Alexandria, VA   22314 

Phone   (703)684-1125 Fax (703)683-0039 

IO 

Bushnell, Dennis 

NASA-Langley Reasearch Center 

Phone   (301)863-3553 Fax 

IO 

Chlebanowski, CDR Joseph 

NSWC-CAR 

Phone   (301)277-2045 Fax 

IO 

Classick, LCDR Michael 

NAWC-AD-PAX 

Hampton, VA 23665 

Phone Fax Phone   (301)863-3553 Fax 



IO 

linsworth, T.D. 

MTMCTEA 

Wingship Program 
Directory 

IO 

Davis, Josh 

MTMCTEA 

Phone   (804)599-1100 Fax 

Tech 

Covert, Gene Dr. 
Department of Aeronautics and Astronautics 
Massachusetts Institute of Technology 

77 Massachusetts Avenue, Room 33-215 

Cambridge, MA 02139 

Phone   (617)253-2604 Fax  (617)253-0051 
(617) 491-0112 -H 

minings, Steve 

CSC 

500 E Street SW, Suite 950 

Washington DC 90024 

Phone   (202)488-4615 Fax (202)488-7438 

Tech 

Czimmek, Dieter 

Newport News Shipbuilders 

E-20 Bldg. 600 
Marshall Avenue & 39th Street 

Newport News, VA 23607 

Phone   804-688-9951 Fax 804-688-8228 

Phone   (804)878-5266 Fax 

Rev 

Dix, Donald Dr. 

Advanced Technology Office 

Pentagon 3D1089 

Washington, DC 20301-3080 

Phone   (703) 697-7922 Fax 

IO 

Donalson, Edward 

ASN 

Phone Fax 

Rev 

Doyle, Frank 

Textron Aerostructures 

P. O. Box 210 

Nashville, TN  37202 

Phone   (615)361-2909 Fax 



Rev 

Driver, Cornelius 

Eagle Engineering, Inc. 

2101 Executive Drive 
Tower Box 77 

Hampton, VA 23666 

Phone 

Wingship Program 
Directory 

Rev 

Fisher,  Skip 

Fax 

Rev 

Ellsworth, William 

6110 Executive Blvd. Suite 315 

Rockville,MD 20852 

Phone   (301)770-2550 Fax 

Tech 

Ericksen, April 

SAIC 

2001 Western Avenue, 445 Market Place One 

Seattle, WA 98121-2114 

Phone   206-443-1014 Fax 206-448-6813 

Rev 

Finn, Greg 

East West Technologies 

4001 North Fairfax Drive, Suite 750 

Arlington, VA 22203 

Phone   (703)351-6925 Fax (703)351-6909 

HASC 

House Office Building 
350 Rayburn Street 

Washington, DC  20515 

Phone   (202)225-4261 Fax (202)225-4382 

Tech 

Fluk, Hal 

NAWC-AD-LKE 

Code 02T (HF), Bldg 562, Room 310 

Lakehurst,NJ 08733-5071 

Phone   (908)323-2872 Fax (908)323-1282 

Mgmt 

Fraas, John F. 

ONR-SOP Carderock Division 

NSWC 
Code 544 

Fax (703)696-5126 

Bethesda,MD 20084 

Phone   (703)696-6777 
(301) 227-4306 

Mgmt 

Francis, Michael S. Col. 
Program Manager 
ARPA / ASTO 

3701 N Fairfax Drive 

Arlington, VA 22203-1714 

Phone   (703)696-2310 Fax (703)696-2206 
(703) 528-4715 SRS 



Mgmt/Tech 

ilington, Roger 

SAIC 

2001 Western Ave., 445 Market Place One 

Seattle, WA 98121-2114 

Phone   (206)747-7152 Fax  (206)448-6813 
(206) 878-5378 H 

Tech 

Gera, Joe 

NASA-Arnes Dryden FRF 

Mail Stop 4840D 
Warehouse 7 

Edwards Air Force Base, CA 93524 

Phone   (805) 258-3795 Fax  (805) 258-3567 

Wingship Program 
Directory 

IO 

• iwadia, N.S. (Nosh) 

Research & Development Aerospace Technologies 

11315 Paseo del Oso, NE 

Albuquerque, NM 87111 

Phone   (505)298-7184 Fax 

IO 

Gray, Richard 

MTMCTEA 

Hagood, Jerry W. 
Chief, ARPA Programs 
United States Army Missile Command 

AMSMI-RD-WS-DP 

Redstone Arsenal, AL   35898-5000 

Phone   205-876-3700 Fax 205-876-3826 

IO 

Halstead, Dan 

NAVMIC 

Phone   (804)599-1113 Fax 

Phone   (301) 763-1648        Fax 

IO 

Harris, Roy 
Director of Aeronautics 
NASA-Langley Research Center 

Hampton, VA 23665 

Phone   (804)864-6048 Fax 

Rev 

Harris, Wesley Dr. 
Deputy Administrator 
NASA Headquarters 

Office of Aeronautics 

Washington, DC 20546 

Phone   (202)358-2693 Fax 



Rev 

Hartke, Richard 

Aerospace Industries Association 

1250 Eye Street, NW 
Suite 1100 

Washington, DC 20005 

Phone   (202)371-8400 Fax 

Rev 

Heber, Charles 
Deputy Director 
ARPA (ASTO) 

3701 North Fairfax Drive 

Arlington, VA 22203 

Phone   (703)696-2304 Fax (703)696-2206 

Rev 

Hill, Bill CAPT USN 
Commander 
Naval Air Systems Command 

Attn: 05CT Capt Bill Hill 

Wingship Program 
Directory 

Rev 

Arlington, VA 22203 

Phone   (703)604-2080 
EXT 6303 

IO 

Hockberger, William 

NAVSEA 05D8 

Fax 

Phone   (703)602-8156 Fax 

Hoeg, Joseph Dr. 
Executive Director 
NAWC Aircraft Division 

NAWC AD Headquarters 

Patuxent River, MD 20670 

Phone   (301)826-1107 Fax 

Rev 

Holt, Albert Dr. 

ODDR&E 

Pentagon 

Washington, DC  20301 

Phone   (703)685-7019 Fax (703)614-0211 

Tech 

Hooker, Stephen 

Aerocon 

1110 N. Glebe Road, Suite 400 

Arlington, VA 22201 

Phone   (703)522-6321 Fax (703)522-6369 

Rev 

Hughes, James 
Director of Advanced Engineering 
Pratt & Whitney 

Govt. Engine & Space Propulsion Division 
Mail Stop 714-25 

P. O. Box 109600 
West Palm Beach, FL   33410-9600 

Phone   (407)796-3351 Fax  (407)796-4901 



IO 

ghes, Rob LtCol 

Wingship Program 
Directory 

Mgmt/Tech 

Jones, Dick 

U. S. Embassy Moscow 

PFC 77 (DAO) 
APOAE 09721 

Moscow 

Phone   7-095-956-4113        Fax 

Rev 

Jacobs, Del 
Vice President and Center Manager 
Northrop Advanced Technologies & Design Center 

P. O. Box 158 
Pico Rivera CA 90660-0158 

Phone   (310)948-9161 Fax  (310)948-0409 

^Miss jss / Rev 

sen, Randy 

ASC/XRX 

Wright-Patterson AFB 

OH 45433-6503 

Phone   (513)255-2824 Fax  (513)258^682 

IO 

Johnson, Jeff Maj 

U. S. Embassy Moscow 

PFC 77 (DAO) 
APOAE 09721 

Moscow 

SRS Technologies 

3900 N. Fairfax Dr. 
Suite 300 

Arlington, VA 22203 

Phone   (703)528-2470 
(703) 845-4201 

Rev 

Jonker, Frederick 

IC Dynamics 

3939 Legation St.   NW 

Washington, DC 20015 

Phone   (202)966-8829 Fax 

Rev 

King, William (Bill) 

Office of Naval Research - 442C 

800 N. Quincy St. 

Fax  (703)528-4715 

Arlington, VA 22217 

Phone   (703) 

IO 

Kitowski, John 

General Dynamics 

Fax 

Phone   7-095-956-4113        Fax Phone   817-763-2024 Fax 



Wingship Program 
Directory 

IO Miss 

Kobitz, Nat Lawrimore, Ben 

N911 MTMCTEA 

Pentagon, Room 5D772 

Washington, DC  20301 

Phone   (703)614-4480 Fax Phone   804-599-1667 Fax 804-599-1564 

IO 

Kokoshin. Andrev 

IO 

Lawson, David 

First Deputy Minister of Defense 

Ministry of Defense 

Russian Federation 

Moscow, Russia 

Phone 

IO 

Lacey, David 

CDNSWC 

Fax 

Commander, U.S. Army Missile Control 

Attn:  AMSMI-RD-WS-DP-TD 
Building 7770, Room 101-E 

Redstone Arsenal, AL 35898-5248 

Phone   205-876-5987 

IO 

Lehman, Larry 

NAWC 

Fax 

Phone   (301)227-5476 Fax 

Rev / IO 

Lane, William 

WL/FIGC Bldg 146 

2210 8th Street 
Suite 21 

Wright-Patterson AFB, Ohio 45433-7531 

Phone   (513)255-8486 Fax 

Warminster 

Phone Fax 

Rev 

Lekoudis, Spiro 

Office of Naval Research 

800 N. Quincy St. 

Arlington, VA 22217-5000 

Phone   (703)696-4403 Fax 



IO 

IM on, Peter 

Wingship Program 
Directory 

Rev 

Lutes, John 

Phone Fax 202-224-3001 

Rev 

Lindemann, Anna Margrethe 

Aerocon Inc. 

901 West University Parkway 
Suite Bl 

Baltimore, MD 21210 

Phone Fax 

demann, C. J. 

Krome and Lindemann P. C. 

523 West 24th Street 

Norfolk, VA 23517 

Phone Fax 

Tech 

Lister, Eric 

CSC 

500 E Street SW, Suite 950 

Washington DC 90024 

Phone   (202)488-8234 Fax (202)488-7438 
(301) 731-2200 

NASA Headquarters 

Atrn: CodeRF 

Washington, DC  20546-0001 

Phone   (202)358-4623 Fax (202)358-3557 

Tech 

Malthan, Len 

Northrop Corp 

8900 E. Washgton Blvd., Dept T405-GB 

Pico Rivera, CA 90660-3783 

Phone   (310)948-9711 Fax 

IO 

McDaniel, Michael 

NAWC-AD-PAX 

Phone   (301)826-3556 Fax 

Rev 

McGrew, Palmer 

BDM 

1501 BDM Way 

McClean,VA 22102 

Phone   (703)848-5939 Fax 



Tech 

Meyer, John R. 

CD, NSWC, Code 2235 

Wingship Program 
Directory 

IO 

Morris, Jack 

Bethesda,MD 20084 

Phone   (301)3378-1796       Fax (301)227-3106 

Rev 

Meyers, Charles 

FAA 

2000 South Eads Street 

Arlington, VA 22202 

Phone   (703) Fax 

Rev 

Miller, Charles W. 
Manager, Advanced System Requirements 
Lockheed Aeronautical System Company 

86S.CobbDr.,96-03 
Zone 0251 

Marietta, GA 30063-0232 

Phone   (404)494-6231 Fax  (404)494-4809 

Rev 

Mook, Dean Dr. 

Va. Polytechnical Institute and State University 

Department of Engineering Science and Mechanics 

Blacksburg,VA 24061 

Phone Fax 

NASA-Langley Research Center 

Mission Analysis Branch, Advanced Vehicles Division 

Hampton, VA 23665 

Phone Fax 

Rev 

Morris Jr., Shelby J. 

NASA-Langley Research Center 

M/S 410 

Hampton, VA 23665 

Phone Fax 

Rev 

Nayfeh, Dr. Ali 

Virginia Polytechnical Institute and State University 

Department of Engineering Science and Mechanics 

Blacksburg, VA 24061 

Phone Fax 

Rev 

Neumann, Benjamin 

NASA Headquarters 

Office of Aeronautics 

Washington, DC 20546 

Phone Fax 



Wingship Program 
Directory 

Rev 

^^vberry, Conrad F. Dr. 
^Kfessor of Aeronautics & Astronautics 

USNPGS 

Naval Postgraduate School AA/Ne 

Monterey, CA 93943-5000 

Phone   (408)656-2892 Fax 

IO 

Offut, Jack 

CDNSWC 

Phone   7-1702 Fax 

J^v 

^Rei n, James Dr. 

WL/CA-FBldg45 

2130 8th Street 
Suite 21 

Wright Patterson AFB, OH   45433-7562 

Phone   (513)255-7329 Fax 

Rev 

Osborne, Russ 

WL/FIMA Bldg 450 

2645 Fifth Street 
Suite 7 

Wright Patterson AFB, OH  45433-7913 

Phone   (513)255-4613 Fax 

Rev 

Parrot, Edward 

Lockheed Aeronautical System Co. 

86S.CobbDr. 
96-03 

Marietta, GA 30063-0232 

Phone Fax 

Rev 

Payne, Peter 

Payne Associates 

300 Park Drive 

SevernaPark, MD  21146 

Phone Fax 

IO 

Percival, Capt R. 

Sea 05R 

Phone   (703) 602-9343 Fax 

IO 

Petsill, Tom 
Assistant Air Attache, U.S. Embassy 

Ulitsa Chaykovskogo 19/21/33 

Moscow, Russia 

Phone   7-095-956-4113        Fax 7-095-255-9965 



Mgmt 

Pope, Edward CAPT 
Navy Liason/ Russian P.O.C. 
Office of Naval Research 

800 N. Quincy St. 

Arlington, VA  22217-5000 

Phone   (703)696-4275 Fax (703)696-5126 

Rev 

Ramsay, Thomas 

Battelle 

505 King Avenue 

Columbus, OH 43201 

Phone   (614)424-6424 Fax 

Tec 

Rao, Balusu 

SAIC, Seattle 

Wingship Program 
Directory 

IO 

Repka, Ron 

ARPA/MSTO 

Phone   (206)443-1014 Fax  (206)448-6813 

Tech 

Reeves, John M.L. 

NAWC-AD-WARM 

Code60C4 

Warminster, PA 18974-0591 

Phone   (215)441-3963 Fax  (215)441-1917 

Phone   (703)696-2352 Fax 

Miss 

Rhoads, Dave 

NAWCADWAR 

Phone   215-441-1940 Fax 215-441-3732 

Rev 

Richey, Keith Dr. 

WL/CABldg45 

2130 8th Street 
Suite 11 

Wright Patterson AFB, OH   45433-7552 

Phone   (513)255-9400 Fax 

IO 

Roach, Doug 
HASC Staff 
HASC 

Phone   (202)225-0883 Fax  (202) 



IO 

# 
right, Earl 

Centcom 

Wingship Program 
Directory 

Tech 

Savitsky, Dan 
Stevenson Institute of Technology 
Davison Laboratories 

Phone   813-830-6752 Fax 
813-828-6752 

Rev 

Rumpf, Richard 

Rumpf Associates 

4607 S. 3rd St., Suite 11 

Arlington, VA 22204 

Phone   703-521-5829 Fax (703)521-5829 

^tech 

"tar tan, Burt 
President 
Scaled Composites, Inc. 

Hanger 78, 1624 Flightline 

Mojave Airport 
Mojave,CA 93501-1663 

Phone   (805)824-4541 Fax (805)824-4174 

Rev 

Salvesen, Nils Dr. 

SAIC 

134 Holiday Court 
Suite 318 

Annapolis, MD 21401 

Hoboken, NJ 07030 

Phone   201-216-5307 Fax (201)216-8214 

Rev 

Sawyer, Wally 
Chief, Advanced Vehicles Division 
NASA-Langley Research Center 

M/S 410 NASA-Langley Research Center 

Hampton, VA 23665 

Phone   (804)864-6515 Fax 

Rev / Miss 

Scesney, Paul 

Decision Science Applications, Inc. 

1110 N. Glebe Road, Suite 400 

Arlington, VA  22201 

Phone   (703)243-2500 Fax 

Mgmt 

Shishkin, Anatoliy 
Russian-American Science 

2745 Hartland Rd. 

Falls Church VA 22043-3529 

Phone Fax Phone   (703)560-2280 Fax (703)698-0840 



Rev 

Shykind, Edwin B. 

Wingship Program 
Directory 

Miss 

Snyder, C. F. 

Office of Science Advisor, Intl Trade Commission 

U. S. Department of Commerce 

Washington, DC 

Phone   (202)482^694 Fax (202)482-2834 

Rev 

Silva, E. A. Dr. 
Director, Engineering Sciences 
Office of Naval Research Code 33 

800 N. Quincy Street 

Arlington, VA 22217 

Phone Fax 

Rev 

Sinnett, James M. 
Vice President & General Manager 
New Aircraft and Missile Products / McD-DA 

McDonnell-Douglas Aerospace 
Mail Code 0641201 

P.O. Box 516 
St. Louis, MO 63166-0516 

Phone Fax 314-232-0120 

IO 

Skulsky, Robert 

Northrop Corp 

B-2 Division 
8900 E. Washington Blvd T007/AP 

Pico Rivera, CA 90660-3737 

NSWC 

Carderock Division 

Bethesda, MD  20084-5000 

Phone   (301)227-5479 Fax (301)227-1038 

IO 

South, Jerry 
Chief Scientist, Applied Aerodynamics, Inc. 
Langley Research Center-NASA 

MS 285 

Hampton, VA 23665-5225 

Phone   (804)864-2144 Fax 

IO 

Swihart, John 

Aerospace Industries Association 

Phone   (206)455-5181 Fax 

Rev 

Szalai, Ken 
Director 
NASA Ames Dryden Flight Research Facility 

P. O. Box 273     ATTN: Code X 
MS D-2014 Bldg 4832 Lilly Dr., Warehouse 7 

Edwards AFB, CA 93523-0273 

Phone   (301)948-8913 Fax Phone   (805)258-3101 Fax (805)258-2298 



IO 

mas, Dr. John 

DTSA 

Wingship Program 
Directory 

IO 

Walker, Robert 

CD DTMB 

Phone   (703)614-6550 Fax 

IO 

Trzeic, Tony LtCol 

U. S. Embassy Moscow 

PFC 77 (DAO) 
APOAE 09721 

Phone   7-095-956-4113        Fax 

Rev 

^Jrobesing, Frank 
Vice President 
MacDonnell Douglas 

Mail Code 0642233 
P. O. Box 516 

St. Louis, MO 63166 

Phone   (314)233-8195 Fax  (314)234-8912 

Rev 

Vaughn, Robert 

Vaughn Engineering and Software 

11013 Devenish Drive 

Oakton,VA  22124 

Phone   7-1671 Fax 

Miss 

Wallace, Dempsey 

Lockheed Corp 

Advanced Design Div., Dept 73-06 

Marietta, GA 30063-0685 

Phone   (404)494-2764 Fax (404)494-6355 

IO 

Weigart, Gerald 

Vector Aero 

330 North Marine Avenue 

Wilmington, CA 90744 

Phone   310-522-5526 Fax 310-522-5528 

Miss 

Wells, Steven M. 
Aerospace Engineer 
David Taylor Naval Ship Research and Development 

Bethesda, MD 20084 

Phone Fax Phone   301-972-3158 Fax 



Wingship Program 
Directory 

Rev 

Whaley, Mary Nissen 

Nissen Research and Engineering 

P. O. Box 1422 

Vienna, VA  22183 

Phone Fax 

10 / Miss 

Wilshire, Kevin 

BDM 
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Wingship Investigation 

Trip Reports 

Appendix G 



June 21, 1993 

MEMORANDUM FOR THE RECORD 

SUBJECT:  Trip Report - Pathfinder Visit to Russia 
29 May - 5 June 1993 

From: 

1. 

Mike Francis and Roger Gallington 

Visitor Cadre 
LtCol Mike Francis 
Dr. Roger Gallington 
Capt. Ed Pope 
Anatoliy Shishkin 
Richard Aldrich 

ARPA 
SAIC 
Navy (OCNR) 
Russian/American Sciences 
Russian/American Sciences 

2   May 31 - Central Hydrodynamic Design Bureau (CHDB), 
Nizhny - Novgorad 

^     x infrnHnrpd Chief Designer Evgensy Fomin, Dr. Chubikov (Director) introd»|£ «let    g ^^^ Aladjl„, 
Aerodynamacist Boris I. Koski, Eagier    J      the LUN was in 
and several others  H^s^duc^ a Naval officer who is 
Birmingham, England.  Je introaucea     chubikov suggested an 

the CHDB are: 

i)       Hydrofoil Ships/Update and Modifications 
- Products  in 25  countries 

34 Vessels in Greece 
They are building some new hydrofoils 

" !her%ra%ydroPfoU:Ct2S50 passengers,   37kt,   3m waves 
2 being built  in Crimea 

- First being tested in Black Sea km/hr 
Military versions go in jm waves, 
in calm water 

U)     Mr ^wfnet iSt^O^SUr .  45 ton cargo) 
I Good results on speed and efficiency 

30% more  speed on 3%  less power 

I ÄeoSTwodrii?es.in Kussia 

l00-> 120M long 



iii) Transport Platforms on the Air Cushion 
They call it dynamic air cushion (DAC) 
It's a lot like the Power Augmented Ram Landing Craft 
Air Cushion (PARLAC) studied by DTRC a few years ago 
It can move on any surface 
Speeds up to 150 km/hr 

iv)  Ekranoplan (showed historical background video) 
Have had persistent funding problems 
Will be building CHDB designs at several locations 

in Russia _,**„«. 
Flap deflection is about 20* in ground effect 
140 tons (metric), 400 km/hr, 1000 kw 
5 Orlans built, 2 remain in service 

Dr. Chubikov indicated that Volga II is ent^in^a?harLüüCcou?d 
Did not hear locations or customer names.  Claimed that LUN could 
take off and land in 3m waves, Orlan in 1.5m waves.  For LUN, this 
is Lsf than 10% of its length. Eaglet is stationed on shore and 
i<t amDhibious.  Eaglet has a range of 1500 to 2000 km.  LUN IS 
movÄoi? on a special floating platform.  It has greater range 
than Eaclet.  LUN has been in the water for periods of up to 6 
months  Ali welded construction.  Discussed the transport 
Slatform or air platform.  A lot like PARLAC.  Expected 
S«fo£L«   seed approximately 200 km/hr; 300^metric tons. 
?nis is newest concept.  Have done only radio control models 
within the last 18 months. 

Chubikov estimates the floating LUN could survive (but not take 
off) in Sea State 6 to 7. 

Dr. Chubikov said that the quality and detail of ow ^J^ons 
indicated that our evaluation was a serious one and that we had 
selected knowledgeable people for the team. He then proceeded to 
give his answers to some of our initial questions. 

Q: 
A: Yes. Was it necessary to do flutter analysis and test? 

was desianed to meet Navy specs. Tougher flutter 
requ?remln?s than for aircraft. All requirements were met by 
prototype. There were 32,000 strain gauges used in LUN 
airframe test, (note:  18,000 strain gages on Orlan). 

What do vou consider the best source of scientific and 
engineering information on Wingships? A: The best source is 
he?e at CHDB.  d think this is self-serving.  We later found 
a more comprehensive center of expertise at Tsagi). 

Then Chubikov asked:  What is the U.S. Government's direction 
or tendency on Wingships?  Our answer - It depends on the 
results of this evaluation. 

The Orlyanok (Eaglet) was ready for production.  Would carry 
150 people and some equipment.  Managed by two ministries. 



Made program difficult'.  Navy supported P"*™'  ™«-j!*??86 
Snister resisted. Application was 'transport and assault . 

n.  whv did the Navy drop the rescue mission? A:  They didn't. 
Q'      Sow two agencies work together to gain experience in 

certification.  Chubikov claimed possible improvements in 
technical performance of 2-4.  Such things as empty weight, 
life efficiency. His former aerodynamicist (had left CHDB), 
though? th?s was optimistic. They are putting together 
several design variants for 150 passenger craft. 

Dr Chubikov:  Wingships are a breakthrough in 
^r^nSortation  There is Australian and Canadian interest, 
in Indonesia ?nere are many islands without airports that are 
the right distance apart.  They need a transportation 
4n?ras?ructure  Now looking for a solution.  Idea would be 
to get to'lsHnds in about I hours with Y£* «^ J£thM8a 

has interest in using them in the Caribbean to attract 
passengers. 

?therÄees fp^KoS^re-placin, crews on ships and 
transporting fish out.    Wingships could fill a useful role 
here. 
They also promoted coast guard and drug enforcement/ 
interdiction roles, 

nr    Chubikov stated that he believes that empty weight penalties 

SjJKSSÄ ^^ie^r^ÄsSa-?ibied to 
ship. 

~w ~-F «iirtt-*? A-  No  Pilot violated rules. O-   Do you ask too much of pilot? A. NO. f""*-     .   - Q-  Pilots lost alertness, ^cident record is better^han^for 

»fflÄ^Si 9et
ranur|eem?herefore? they get 1..,. 

Th»„ have flown to altitudes of 100m. Out-of-Ground Effect 
,OGE) flight is not efficient. Only for obstacle clearance and 

ferry flights. 

Dr. Chubikov indicated no problems in discussingtechnolojy 
with us\  Both vehicles (LUN & Orlan) have been used a lot  Navy 
S freguirements to replace equipment when useJul^ife^up.^All 

the vehicles belong to tne wavy. «iiu   *        ik  indicated that 

'Anas Pbeenrsofd t^P^T^Ä *•* — 

„        ra
Cteironnint9hirfaPri-'If "ayvy°£p»vidre9se Ä th^cln go 

Ä^^lf^i/Jo-SS'    t cÄeHaster^He sta^d 
It wOUl

Vdeti?ee|l50i?l?I« t°o re^aceVgu«   «a first   -offer',. 



LÜN is being modernized.  It's a unique vehicle int*^ed for 
research.  LUN will possibly fly next spring.  The last Orlan 
^Orlylnok) left CHDB 12 years ago.  They've been in the Caspian 

since. 

Q•  What do we have to do with the Navy? Chubikov offered to 
handle it.  Chubikov will speak with Kokoshen.  Promised 
answer by 14 June. 

We toured the Volga plant and observed a LUN vehicle under 
construction: Main step on hull sweeps forward from keel to 
chine  Afterbody has multiple wedge-like steps that wrap around 
to a large spray deflector where one would expect a chine.  The 
a?terbtdy ha! a round Chine. The end plates have multiple steps 
?ha?w?ap around and carry up the sides.  On *?°ilities, they have 
a local wind tunnel and use another at the Joukowski Institute for 

powered models. 

Dr Chubikov: Need to look for Wingship application, in 
transportation! As a result of their efforts it is now possible 
to confidently design big vehicles which can operate over open 
sea.  Need to optimize for that purpose. .f "f *pp^f strive 
knowledge from both countries, can go up in size.  Should strive 
for AN225 performance in 4000 ton size. 

Dr Chubikov on certification:  Should be certified as special 
category. Not as airplane or hovercraft. At meeting of 
international Maritime Organization (IMO), we have brought 
WingSip Certification to international attention including 
Norway, France, Canada, & Russia. One issue is high speed 
operation with other slower craft.  Russian certifying agency for 
Wingship was established as a part of existing maritime certifying 

agency. 

CHDB receives many requests for information from all around the 
world concerning Wingships. 

That evening, most of the group from CHDB joined us for dinner at 
the hotel In addition to excessive 'toasting', there were lots of 
Russians all trying to talk at once (which bothered our translator 
ElenaT? and maS translation difficult. The Russians appear to do 
«business by toast", that is, they try to extract commitments 
wMii building camaraderie. This 'mixing business and recreation' 
is a significant cultural difference. 

3. June 1 - Test facility, near Chkalovsk, Russia 

After breakfast at the hotel, we traveled for 2 hours to the test 
site  "took about 2 hours over very rough roads. The terrain 
in ?his area resembles Northern Wisconsin or Minnesota.  The test 
site is on the Gorky Sea, which is actually a man-made lake on the 

Volga river. 

After some short introductory remarks by the chief engineer of the 



t-^t- site we went to look at the STRIZH and VOLGA II vehicles. 
h  «a s 1 met Mr. Bulanov, the Strizh designer and Mr. 

JSri ShSSS"thrPJ!St.  The following observations relate to 
things noticed that were not expected. 

Tho <;TRT7H has a small leading edge radius. The joints in the 

fS! Jroit Ö-loint are higher than they are when the prop axes are 
the front 0 joint "* ni%h   __e th*ee or foUr distinct steps on more nearly horizontal.  There are tnree or i   ^    around" the 
each endplate which continue up the sides. They _w"p *rr""" t 

3M  I?s gross weight is about 1.6 tons.  It has two 135hp 
engines.  The construction is riveted aluminum. 

the wing, flap angle and the PAR propulsion angle, 

seems to recur in all CDB designs. 

Comparison Table: 

VOLGA II 

2.5mt 
50m2 
2x135 hp 
0.29 to 0.32c 
250 liters (?) 
3 hr 
1.8mt 

ft] .45 

STRIZH 

1.6mt 
-156 sq. ft 
2x135 hp 

1.8 

Gross Weight 
Wing Area 
Installed Power 
C.G. Position 
Fuel Volume 
Endurance 
Empty Weight 
Craft Density [lb/ cu. 
Cruise Speed 
Cruise Ci 

Hnt(S ,.hat the VOLGA II is very light ((W/S)*-* - 0.45). 
She•sSSMtS mSch heavier ((S/S) i.s- 1.8), and about the same 
density as models we tested in the 70 s. 

TO view the flight, we boarded a catamaran deck boat and cruised 
To vJew r"e J"9"ff_shore  The water was essentially smooth. 

SES« aWB."K.-SÄ« SÄ SS 
suggestion. 



STRIZH flew by first with a clearance varying between about 0.2m 
5 n\m       T? was in strong ground effect.  It has fairly deep 

en^at^s. "h^condfct^Vsingle fly-by  We learned later that 
they intended more but had some engine trouble. 

VOLGA II then flew by.  The inflatable bags occasionally touched 
the water  ?hey didn't seem to «stick" and made a «whooshing» 
noise when they touched.  To turn, the vehicle went down into a 
S?splacement mode and there was some throttle jockeying -- 
possibly differential thrust to turn. Performed another straight 
fly-by. Flap was nearly faired. When at low speed on PAR, there 
was o^ite a bit of blow-back — especially at the tips.  The craft 
IsvSylightfor its size.  Made two additional flybys with more 
clearance — apparently 0.2m. 

While we were awaiting the next fly by, we asked about °P«ational 

marine growth.  They have a corrosion control program that 

engine work.  They then took us on a tour of the laboratories 
while they worked. 

Their closed circuit wind tunnel with an open test section is a 
So rroTthe past.  It was allegedly ^.i^d .pacxfjcally^ 

«»rfaee effect work by Alexeev himself.  Diameter of test sec"°" 
is abSSt 2m? Speed ranges from 50 to 150 m/sec.  Ground simulated 
H  elate with streamlined leading edge or by image method.  A 
wire-?russ type^-component balance provides minimal aerodynamic 
Interference at the expense of difficulty in setting model 
iStSSS  Vintage 1950' s instrumentation.  Turbulence level was 
advertised at 0.5%. 

There were a couple of unusual vehicle test modeJj *» J^™* 
areas  One had wing panels angling up from the tip plates,  iney 
al! had hydrodynami? steps, chines, and other flow separators. 
One model had twin tail booms. 

We saw a large circular tank with a whirling arm  In addition to 
tL  usual stlady state high speed testing, they build model 
beaches and obstacles in their tank. 

v^„* en0oH rarriaoe over a 200m long tank for testing 
We ""H J^M, P Advertised spied was approximately 25m/sec. The powered models.  Advertisea speea     ^  ion was stationary. 

the carriage at the other end. 



After the tour, we were told that they had fixed STRIZH (ignition 

Here are the key observations in the second, more lengthy set of 

STRIZH fly-bys. 

We observed: ^ _ 
i)   Straight IGE with tips about 0.2m clearance; 

H,  iandina with props in PAR position. Then taxied on PAR at 
±X)     about 15kt  S£S T.O. with lots of light spray.  Went by on 

PAR with props at about 30°; 

iii).Another high-speed straight run with some "^occasional 
1 ' "J„ contact  No perturbation was evident. The multiple 

"eps apparently pe?mit water contact over a fairly wide 
range of pitch altitudes; 

iv)  Over flew one of the boats.  Landed and turned in a PAR- 
taxi.  Waves about 3 inches; 

v)   Smooth run at about 0.5m clearance; 

vi)  An O.G.E. pass at about 30m with an intentional wing-rock. 

Our boat driver started the engine each time the STRIZH 
aooroached. Never asked why.  Later, Roger asked the test pilot, 
SrSSSin, about how he handled the PAR  For ta**off; he 
J":ves the props in the PAR position until airborne. 

Reve"e 

procure for landing. That is, go to PAR position Dust before 
touchdown would occur without PAR. 

v „4-0 4-^v »«! t-o the local small town (Chkalovsk) named after 
fLmous Russian AvLtor <Sa!er? Chkalov) . He and his navigator 
a !amou* R"*" JliahTover the pole from Moscow to Vancouver, 
Sashingtonh?nri9379htSome

rdata ror comparison with Wingship. 

Gross Weight - 11 tons 
Fuel Weight = 6 tons 
Empty Weight   -    5 tons 

A 45% empty weight fraction for a "^.«PJ^jS^wlirSaSSS 
from corrugated aluminum and covered with ^bric! With its Sbunp 
single engine, it had a power loading of over 25 LB/HP. 

We then returned by Van to Nizhni Novgorad and another (very late) 

toast-filled meal. 



4 .  June 2 - Oktoberskiaya Hotel, Nizhny-Novgorad: 

After breakfast, we had a caucus without the Russians to summarize 
our thoughts.  Here are topics discussed: 

Plan for August trip details and possibility of a large 
vehicle demonstration in September _ _ 
The tendency of the Russians to have overly optimistic 
expectations 
Sharing our parametrics and point design performance< 
estimations for their critique as a means of extracting more 
documentation from them.    § 
Site visits and demonstrations planned for WTET visit. 
Number of interpreters and guides required. 

•   Additional questions: 
Who is real customer for LUN? 
What is schedule for next LUN flight? 
What is historical man-loading on Wingship projects? 
Are the existing LUN and Orlyanok being actively 
maintained at Caspisk? 

We also concluded that the group from CHDB was trying to occupy 
all of our time to prevent us from talking to other Wingship 
experts.  We decided to force meetings with at least Sinitzen and 
Panchenkov.  We received a card and note from Panchenkov the 
previous evening. 

in early afternoon, we met again with the CHDB folks including 
Boris Chubikov.  Here are the key points. (BC=Chubikov, 
MF=Francis) 

BC: 

MF 

BC 

MF 

LUN cannot be ready for demo before Spring 94 
Wants to concentrate on feasibility assessment and exclude 
many of our specific questions < 
Emphasis that U.S. could undoubtedly build Wingship but 
Russian involvement would speed the process 
Emphasized the talent of designers and their knowledge of the 
sea-air environment. 
Experience is important in flying near the sea. 
Russia isn't the sole repository of Wingship understanding. 
But - it's the most important. 

A joint experimental program could be a very good example of 
cooperation between the two countries. 

Started estimate of costs for Orlyanok demo.  Will complete 
estimate in 2 or 3 days. 

Described a fixed price contract with management reserve as a 
possible way to fund demonstration. 



. Asked for opportunity to use management reserve for other 
things'  (Showed he didn't understand concept)  Suggested 
large scale investigation of seaworthiness.  May have 
difficulty getting Navy concurrence. Probably need 
intergovernmental agreement. Will tailor demo to show things 
of interest to us.  We tell him what they are, and he will 

put  in flight plan. 

BC  -   Comments and Observations: 

What is the U.S. view on creating a rescue team at 
international level? 2 Wingships (LUN type) in Norwegian 
Sea.  Others might cooperate. Use existing LUN wingships. 
Good first operational mission. 

Would like to know guidelines for cooperation of countries. 
What is mission? Would like to know our vision as soon as 
possible. 

We met with Panchenkov in the afternoon. Here are the main points 
?rom that conversation. Panchankov believes that it is impractical 
to jump from small craft to 5000 ton size vehicle.  He also 
believes that it is impractical to convert^"^^"2" to 
commercial use. He showed a series of sketches of different 
configurations for different weights ranging form 1.2 tons to 3000 
?ons  Each had a different configuration. Panchenkov favors a 
tr^oiane configuration with two tandem wings in strong ground 
efflcltnT a larger  pay load carrying wing (generally above the 
tihlTtwo)   in addition he talked about two fuselages (catamaran) 
^provided a straight side to make docking easy  He fated 
that smaller craft required proportionally larger lifting surfaces 
than agrcraft.  He based opinion on the square cube law but 
rfirin't reallv explain it.  He claimed that the aerodynamic 
efde      ?he three plane configuration was best, but did not 
present lly  data to support this claim other than some academic 
comparisons of induced drag of tandem and single surface 
configurations. 

Here is some data on his design concepts.  In a tandem 
conrigurI?Ton; he carries about 70% of the weight on the rear 
surface and about 30% on the front surface.  In the triplane 
configuration he carries about one-third of the weight on each 
surface.  Here is data on one he has flown: 

Weight=2.5 ton 
Lifting Area=27sqm(main)+I0sqm(canard) 
Installed Power=216hp 
CG Position 70% rear and 30% front 
Cruise Speed - 130 km/hr 
Take Off Speed = 110 km/hr 
Cruise Height = .5 m 

A larger craft would have a length of 150m and a span of 50m and 
would cruse at a height of 5 to 7m. 



Panchenkov listed some drawbacks to Hooker's design approach, in 
his opinion. They are: 
. Aircraft configuration is not as good as Panchenkov's. 

Panchenkov square shape is easier to dock. 
Hooker's doesn't have lifting fuselage. 
Not seaworthy enough to survive in open ocean. 

Safetv 
Requires too much take off power. 

This last comment is especially interesting. Panchenkov claims 
that the power required for take off for his designs is much less 
than for Alexeev deigns.  Yet he doesn't use PAR or any other 
apparent take off aid.  Therefore, it should just be seaplane 
hulls all over again.  Also, the difference between cruise speed 
and take-off speed seemed unacceptably low. 

The main difference between his design approach and that of Gunter 
jorg Un Germany) is that the span of Panchenkov's front surface 
is smaller than that of the rear. 

He says that the Alexeev approach has low vertical stiffness and 
therefore the designers must concentrate on developing as much 
stiffness as they can to the detriment of other J^lxties • He 

didn't say how his approach overcomes this difficulty. 

We promised to send a list of WTET members and their biographies. 

Panchenkov is the head of an academic department and claims to 
deal with science only and to not ^ve his opinions distorted by 
trying to save a company.  He also indicated that if we didn t 
support him now, we would pay dearly for his help later. 

Next, we met with Demitry Sinitzin who is reputed to be the brains 
behind the LUN. He recently left CHDB, but Wingships are still 
his main interest. He just started a small firm to promote 
Wina^nips  The name of the firm is «Technology In Transport".  He 
ask?f is if our interest was in all applications or just some. We 
?ep!ieS that we were interested in LUN and larger deigns primarily 
tended for hauling over long distances  Their £t«j.t^- 
exclusively in commercial applications for VOLGA II all the way to 
SsM size. We promised lists of names, bios, and questions. 

We traveled by overnight train to Moscow. 

5.  June 3 - Various locations, Moscow: 

Met at Russian-American Sciences (National Academy of Sciences 
Building) with owners of the large flying Wingships. Met with two 
military officers, including Navy Captain Yetremov, from the 
Deoartment of Foreign Economic Relationships, and Col Hdikayev, 
a??o in ?he Russian9Navy, assigned to a special department which 

deals with Wingships. 



c!s  The"specialForeign Technology Division has responsibility 
for Wingships. 

a^«rH<no to a recent presidential decree, the Russians would 
?next wefk) g?ve ?he American Embassy a list of items where 
coordina?ion9with the US would be desirable ^op.cs include AA- 
in   CCM99 n-57 and manv others.  Captain Yetremov tnmxs tnere 
are some jewels in""military industrial complex  «J^/» 
^  !„ the list  Probably because its not a specific name but a 
not on.^«;"^-  «e indicated that McDonnell Douglas will be 
ITstlln,ConeS?Sshipesoon!CaMeike said that American companies were 
ttlrl  under their own sponsorship and did not represent the US 
Goternmen?! Captain Yetremov saw no limits to our cooperation. 

Col Hdikayev indicated that his organization established 
^iremeLs such as general configuration; ea^ment «£     M 
applications  Recently, ^ey have been st«dying » J^  wingships. 

r^SIS'dX.S^ri.rSiSii -exploit win^ships for special 
applications. 

We promised names and biographies to these individuals. Mike then 
described the mission of the WTET. 

Thev said that all cooperation must be overseen by the Government, 
thrLah Poets'  Capt Yetremov indicated that he has the 

must deal with the Ministry of Defense (MOD) . 

Capt Yetremov noted tha;: the Navy wanted to -n ownership^^the 

?«IrferedOVeso"hey wiU belong to k>D. All terms must be 
ieaociated"witn MOD and Chubikov. They indicated that there may 

S£S f- p?isÄr"cÄvTÄt^ Sff 

ubneyrw^tH,reeer^tÄ of Inswe^^heif    cbnioai 
comity.    Be'believes that -en our first ph.«.would be 

befand asse s thfcost o      he Russian erf or". *H. then went on 
to suggest cooperation on areas other than Wingship.    He was 



expecting a delegation from BDM Corporation the next day, and 
believes they want to discuss wingship. 

June 4 - TsAGI, Moscow 

We met Anotoli G. Munin (Deputy Director), Deputy Chief 
Sokalianski, Dr. Melts (a representative of TsAGI headquarters), 
and. Prof G. Logvinovitch the head of the hydrodynamics section. 
We promised them a list of committee members and bios  Promised 
them the list of technical questions  Our cormnent« ™ ^J^1** 
and certification seemed to draw smirks from this crowd.  TsAGI is 
responsible for the Aero- and Hydrodynamics of all such vehicles 
done in Russia.  Supports all design bureaus  They analyze all 
vehicle design and conduct and all experimental testing.  *« 
significant testing is done by design bureaus.  All the wingships 
have been tested here.  They also participate in full scale 
testing. 

There is another TsAGI center in Novisibirsk, called the Siberian 
Science and Research Institute of Aviation.  They are involved 
mostljin strength and structural testing. TsAGI evaluated and 
tested BÜran (Russian Shuttle) automatic landing system. They 
also design space booster vehicles. 

Some comments - beginning at about 100 tons, wingships need an 
automatic flight control system.  The bigger sizes are slow to 
Respond making them difficult to pilot.  They have a computerized 
model of the Eaglet' (Orlan) and can vary parameters.It s used 
in a programmable moving base simulator. They've tested 150 kg 
models spanning about 3 meters both under automatic control and 
radio control * The LUN was designed for an Navy -f^. ""j^ 
requirement. They have other concepts for future wingships.  They 
seTcommercial mission as a taxi or commuter.  We Promised them a 
complete copy of our study bibliography, and a copy of our 
parametric study. 

They have made estimates of 5000 ton wingships.  They Relieve it 
wUl retire 12 large engines of about 45 tons static thrust each 
?or cruise. They think it will require a thrust to weight ratio 
or about 25 foAake off.  Such a craft could gerate over the 
open sea about 80 to 85% of the time. We asked if the range 
payload performance of such a craft was competitive with a modern 
subsonic cargo jet. They were not sure. 

Thev said that Orlyanok was good for about 2 meter waves. This is 
lltl  ?han 10% of its length. When queried about vehicle accident 
nIs?oryTthey indicated £hat most recent incidents were due to 
pilo? error/ They acknowledged earlier problems with control 
system (CSM), but indicated that these had been satisfactorily 
addressed. 



7 .  June 6 - Moscow 

Dr. Gallington departed, 
the August WTET visit. 

Mike met with RAS to discuss planning of 

Attachment 



October 4, 1993 

MEMORANDUM FOR THE RECORD 

SUBJECT:  Trip Report - WINGSHIP Investigation Visit to Russia, 
7-23 August 1993 

FROM: Mike Francis and Roger Gallington 

1. U.S. Delegation - WINGSHIP Technical Evaluation Team Visitors 

Lt. Col. Mike Francis 
Dr. Roger Gallington 
Robert Wilson 
C.F. Snyder 
Prof. Eugene Covert 

Dr. Dan Savitsky 

Burt Rutan 
Joseph Gera 
John Reeves 
James Camp 
Hal Fluk 
Dieter Czimmek 
Eric Lister 
Glenn Goodman 
Anatoliy Shishkin 
Jorge Lange 

ARPA 
SAIC 
NAWC - Carderock 
NAWC - Carderock 
Massachusetts  Institute 

of Technology 
Stevens  Institute  of 

Technology 
Scaled Composites, Inc. 
NASA Dryden FRF 
NAWC - Warminster 
NAWC - Carderock 
NAWC - Lakehurst 
Newport News Shipbuilders 
SRS Technologies 
SRS Technologies 
Russian-American Sciences 
Russian-American Sciences 

2. August 7-8 - Moscow 

Team arrived in Moscow about 1700 local tine. Met by various 
representatives of Russian American Sciences - including, Dimitri 
Sachkov, and Elena Kapoustina and Valentin Mathokin Team 
quartered at the President Hotel, formerly Oktoberskaya (Communist 
Party) Hotel, Moscow. 

3. August 9 - Moscow 

Wingship Technical Evaluation Team (WTET) went to the Ministry of 
Defense for a discussion of the overall planning that had been 
done for our visit. Navy Captain of the First Rank (roughly 
equivalent to a Brigadier General) Andre Logvinenko introduced the 
Russians present, including Admiral Venomin Polyanskii, director 
of Naval Shipbuilding. Admiral Polyanskii made the first prepared 
comments after individual introductions. He discussed the new 
environment in Russia that had provided the conditions that 
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allowed this type of cooperation (our trip) to take place. He 
stated that much of the material we would discuss is considered 
confidential, and subject to the control of the MOD 'Their 
support of Ekranoplan (Wingship) work began in the 60 s and 
Sded through the 70's. He indicated that they intended to 
share their experiences with us. They have translated and read 
our questions and have set an agenda that should answer most of 
them He said that they intended to execute the plan as we 
received it today. We will see the results of their laboratory 
work and visit a major assembly site. He asked members of our 
group to share our ideas and experiences as the visit progressed 
He also asked for our final response (assume he meant our final 
report) . He said that our questions would take a long time to 
answer completely, but, executing this plan should result in 
answers to the most important ones. 

Mike Francis thanked the Admiral and his staff for their 
hospitality and the advanced planning that they had done. He said 
that our charter was focused on military applications, but 
incorporated civil (dual use) considerations, as well. He assured 
the Russians that we brought technical material to share with 
them, including a parametric engineering analysis of this systems. 

Captain Logvinenko emphasized that this was the military part of 
the Russian team. The Navy provided the majority support for 
Ekranoplan development. They had some problems in making 
arrangements for our visit that would satisfy all concerned 
There were diverse opinions in the government community. Captain 
Logvinenko stated that the fact that the visit could occur at all 
was a victory. He emphasized that the cooperation should be two 
sided. He said that our discussions would be under the 
supervision of security services. Any meeting outside the 
scheduled program would be prohibited. These rules apply during 
the entire two-week visit. 

Admiral Polyanskii said that the approach to Ekranoplan 
development came from the ship community. He believed that the 
western approach was from the aircraft side and that comparisons 
could be beneficial. He saw the Ekranoplan as a ^Jtiple-purpose 
vehicle with its main role being a conveyor of things . The 
specific application determines what those things would be. To 
continue this discussion of missions, Mike and Roger asked about 
the requirements development process that led to the Present 
designs. Thus encouraged, Polyanskii launched into a brief 
history of Ekranoplan development from the Navy point of view. 

Alexeyev was the leader of all significant work related to high 
speed water transport in the 50's.  He developed the *ytoofoil 
ships.    He  defined his  own  objectives for Ekranoplans 
Competition with the other agencies influenced the direction of 
the work.  Apparently the main competition was with the existing 



Naval Aviation community. When any new technical trend develops, 
it automatically comes under the auspices of the MOD. In this 
case, the Navy was given the responsibility of directing 
Ekranoplan development. Concerning missions, they mentioned 
rescuing submarine crews and general hauling. He stated that 
Ekranoplans are designed for operation in heavy seas. He claimed 
that risk assessments are carried out on all their programs, and 
this was not an exception. 

Mike asked if they wanted any more information on the committee, 
the answer was no. Then there was some time for general questions 
from members of the committee. 

Dan Savitsky asked if other countries had expressed interest in 
Ekranoplans. Answer was that this is the first delegation 
interested in research and development. Other countries such as 
China and Indonesia have interest in buying existing products and 
have visited. 

Burt Rutan asked if they had operated in the open ocean. Answer 
was yes, but only in short range local operations. Rutan talked 
about where we had seen them (in overhead photography) and asked 
if they had been operational there. The Admiral answered that 
they were built for "internal" reasons. They were purely 
defensive. No long range operations were planned. They saw a 
hospital ship mission as a possible application. "It's basically 
a hauler.' 

The Admiral asked what our application was. Response was that our 
primary focus was strategic mobility (based on the congressional 
direction), but that we were looking for other possibilities. 

Joe Gera asked why they didn't use conventional seaplanes. The 
Admiral said that they preferred Ekranoplans, but gave no reason. 
Said that Seaplanes would be OK in some applications. Depended on 
the environment (believe he meant wind and waves) and the number 
of people to be carried. (Had the impression that he thought that 
Ekranoplans were larger than seaplanes and could operate in 
rougher conditions.) 

Savitsky asked them to compare and contrast Ekranoplans and 
seaplanes. The Admiral said that they carried out research on 
both types. He believed that the amphibious Ekranoplan could be 
much larger than the amphibious airplane. Savitsky indicated that 
he saw no technical reason that would allow an amphibious 
Ekranoplan to be larger. Admiral said that it depended crucially 
on sea conditions and that the Navy had greater interest in 
Ekranoplans. (A major issue for our study is: which can take off 
and land in the roughest water.) 



Mike Francis said that we were aware of some Soviet developments 
in the 60's and 70's. New conditions that helped trigger this 
studv included the possibility of communicating directly with the 
Russians, designs from other countries, and evolving American 
requirements for strategic mobility. 

Following the morning meeting, we re-convened in the conference 
room at the President Hotel. The U.S. and Russian representatives 
were introduced. Russian attendees included: 

Academician Georgii Logvinovich 
Dr. Vladimir Sokolyanskii 
Capt Mikhail Malyshev 

Capt Nikolai Baranov 
Dr. Eugenii Fomin 

Dr. Leonid Volkov 

Mr. Andrey Ponomarev 

TsAGI 
TsAGI(Dep. Director) 
Ministry of Defense, 
Shipbuilding 

Russian Navy 
Central  Hydrofoil 
Design Bureau(CHDB) 
Krylov Shipbuilding 
Research Institute 
Krylov Shipbuilding 
Research Institute 

Academician Logvinovich (TsAGI) indicated that his .organization 
had locations both in Moscow and at the Joukowski facility. Also, 
within 120 km they have tow tanks capable of generating 30 to 40 
meters per second model speeds. Their aero and hydro laboratories 
are closely related and coordinate activities. 

Dr. Fomin then spoke to the group. He had expected Dr. Chubikov 
to be present, but noted he wasn't(reason unexplained). Chubikov 
had wanted to explain some more details of Ekranoplan history in 
Russia. Fomin indicated he would show a historical film. Their 
organization (Central Hydrofoil Design Bureau) traces its history 
?o early hydrofoil development in the 40's. They became aware of 
the aerodynamic ground effect in the 50's. They saw a fundamental 
limitation of hydrofoils caused by cavitation. They estimate that 
cavitation limits speeds to around 60 knots with more practical 
values being less than about 40 knots. They sought a surface 
skimmer with greater speed potential. They very quickly 
recognized the problem of longitudinal stability. They organized 
a laboratory to study the WINGSHIP vehicle type. They built 
powered models up to seven metric tons, which attracted Navy 
interest. Then, in the period 1961 to 1966, they developed the 
so-called Caspian Sea Monster (CSM) which lifted a world record 
weight of 450 metric tons and approached 500 km/hr in speed. The 
next step was to meet a set of Navy requirements with the 
Orlyonuk. The LUN can gross up to 400 tons. In developing the 
LUN they built models up to 20 tons. They want to continue 
development of big Ekranoplans and do additional work to develop 
open ocean capability. 



Roger Gallington presented the parametric results developed by Len 
Malthan. There was no any significant discussion on these 
results,. 

Prof. Volkov made a presentation. He said that a key trade off on 
design was between stability and efficiency. He thought the 
efficiency would be very close to that of a good transport 
aircraft. He felt that the Ekranoplan must not touch the water at 
cruise speed. (Note that later information from the CHDB 
contradicted this assertion.) The aerodynamic efficiency of the 
aircraft type configurations is about the same as aircraft. To 
get superior efficiency, he suggested that the Ekranoplan must be 
a flying wing. The under wing blowing (PAR or Paduff) is an 
essential enabling technology for practical ekranoplans. He 
reinforced this point with the aerodynamic lift vs. speed curves 
for a conventional seaplane and an ekranoplan with paduff. 

He suggested concentrating on smaller ships - defined to be less 
than 500 tons. Suggested that the competition should be 
motorboats and not aircraft. The idea is that the speed and 
efficiency of motor boats is so bad that the ekranoplan has a 
clear advantage. He believed that the ekranoplan would not 
compare favorably to a good aircraft. 

4.   August 10 - President Hotel, Moscow 

The original plan called for the TSAGI Joukowski tour on Tuesday 
the 10th. Because of transportation and scheduling problems, we 
put that trip off until Wednesday and accomplished roughly the 
Wednesday agenda on Tuesday. Dr. Boris Chubikov, (Director, CHDB) 
joined the meeting and was introduced to everyone. 

Dr. Volkov began the morning meeting with a short commentary on 
drag. He stated that drag was the sum of friction, wave drag, 
drag due to lift and spray drag. 

John Reeves gave a short technical briefing on drag prediction, 
focusing on Lun and OrIan. 

Dr. Fomin talked about applications and comparisons. He said that 
it is very difficult to make confident estimates of how an 
entirely new transportation concept, such as ekranoplan, might 
contribute. The possibility of new transportation means tends to 
cause many questions that are not central to the concept and 
issues that would be resolved if the new system had great promise. 
How good is the ekranoplan compared to other vehicles? It beats 
all other surface craft. It beats aircraft without airfields but 
not efficient subsonic aircraft operating from developed 
airfields. When asked if the ekranoplan could be made more 
efficient than modern subsonic aircraft like the 747, Airbus 330, 
and AN225, he said yes but only marginally.  The Orlan weighs 150 



metric tons or 330,000 pounds. The Lun weighs 400 metric tons or 
880,000 pounds. While both of these craft are made of 
shipbuilding materials, future developments will be lighter. The 
aluminum and magnesium alloy now used is about two-thirds as 
strong as the duraluminum type alloys normally used in aircraft 
construction. They have had some internal controversy on how to 
estimate the total weight lifting capacity of any particular 
design. For example, the CSM was designed for a gross weight of 
430 tons but they operated at weights up the 500 tons during the 
test program. Empty weight fraction should be about the same as 
that for highly efficient aircraft. (Apparently, the idea here is 
that the advantage of lower aspect ratio is offset by the 
necessity to design for hydrodynamic impact loads.) Fomin 
described the following table. 

L/D V V*L/D 
Aircraft 15-17 800 SAME 
Lun 25 500 SAME 
1000T Ekranoplan (planned) 30 500 BETTER 

This comparison is good for waves up to 1.5 meters high. Using 
the TSFC for the most efficient modern American engines only 
results in about a 10% improvement. There is potential for weight 
savings by optimizing engine for sea level performance. Existing 
engines are designed for high altitude. There are fundamental 
difficulties in designing landing gear for very large aircraft. 
In contrast, Ekranoplans get better with size. We should be able 
to design craft with gross weights from 2000 to 3000 tons. LUN 
operates over waves of 1.5 meter height with no degradation of 
performance compared to over smooth water. A large ekranoplan 
would have about a 5:1 weight to static thrust ratio for takeoff 
and a 10:1 weight to static thrust ratio for cruise. (Actual 
thrust at speed will be less due the thrust lapse with speed.) 

Rutan asked how they handled the big thrust reduction in a design. 
They suggested that it's most efficient to shut down roughly half 
the engines in cruise. This leads to the advantages of putting 
some engines is the body where they can be more easily faired and 
prevented from windmilling and producing undesirable drag. 

Rutan asked the source of Fomin's efficiency data. Fomin replied 
that it was from calculations and model testing. They had 
calculated vehicle ranges up to 10000 km. 

Rutan asked what was the longest single flight. Answer was 3000 
km. It wasn't quite clear if they had actually flown that for or 
if this was the largest estimated range of any craft they has 
build so far. 



Fomin said that a large wingship should cruise at a height of 
about .1 to .15 of the chord of the wing. This is about .05 of 
the span for an aspect ratio of three, which seems typical. 

Savitsky asked why big Wingships perform so much better. Fomin«s 
answer was not really clear. He did say that they designed to fly 
1.5 meters above the tops of the average of the one-third highest 
waves. 

Next Dr. Chubikov made a presentation. He said that interest in 
ekranoplans is growing. He knows of work in other nations. 
Chubikov in convinced that there will be accelerating work on 
Ekranoplans in the future and that they will ultimately become 
widely used. He thought research should continue on augmenting 
the take-off performance and in general transportation application 
studies. He mentioned the need to improve current designs and 
remove drawbacks. He proposed international efforts, including 
activity directed toward fast ship (not aircraft) certification. 

Dan Savitsky made a short presentation on estimates of _ impact 
loads and accelerations. He had a dialog with the Russians on 
wave statistics and the design criteria they used for selecting 
ekranoplan design cruise height. 

Capt. Malyshev made a presentation on the customer's view of 
ekranoplans. In 1960, they prepared a report on ekranoplans for 
Adm. Gorshkov. They then decided to develop ekranoplans for the 
Navy. Various research institutes carried out research that 
suggested the possibility of large ekranoplans. A scope of work 
was identified and a size of the program defined. They also 
investigated possible Navy applications. The possibilities 
included attack, amphibious assault, and cargo. The shipbuilding 
institute developed the requirements. (Note here that the Russian 
definition of requirements apparently does not include mission 
performance requirements. Their definition seems to include only 
structural, environmental, safety, regulatory requirements, and 
similar things.) The shipbuilding institute had full control of 
research, design, etc. 

Capt. Malyshev went on to give us the best explanation we have 
heard on mission applications. He said they had special problems 
in integrating weapons. The standard Navy weapons were not 
appropriate. They considered other high speed ship (such as 
hydrofoil) weapons. A major requirement was that one of the craft 
be amphibious. This requirement led to the Orlyonuk. Paduff was 
there primarily for the amphibious capability. The design 
featured a front loading door. The Lun is not amphibious and was 
designed for another application. It did meet Navy requirements 
in local operations. Missile launching from the «back" of the Lun 
was difficult. The installation was poorly integrated resulting 
in very high drag.  They did fire (salvo) missiles while flying at 



500 km/hr with no negative consequences.  The ship was  pushed 
down" a small amount and only momentarily.  There was no ^f»11^ 
motion  They are planning out-of-ground-effect (OGE) flights for 
the Lun.  Operationally, OGE flight would be used only to ferry 
the craft over land to different theaters or operational areas and 
to launch weapons from altitudes that might be more appropriate 
for the weapon or for the mission.  He stated that the craft was 
relatively hard to detect.  They have made an effort to avoid bad 
(for radar) observability in the design.  (Don't understand this. 
It appears that the wing-fuselage junction and the propulsion 
wing-fuselage junction are nearly corner reflectors!)   His 
discussion on IR detectability was more sensible.  He said that 
operating in the earth's turbulent boundary layer tended to 
dissipate the warm air making the wake less detectable by IR.  He 
indicated that the Wingship was a most effective means for 
conducting anti-submarine warfare (ASW).  They have had a lot of 
experience using the wingship to search for subs, and it is very 
effective.  The area searched per unit time is better than any 
other craft.  They use hydro acoustic and non acoustic methods. 
Another mission they consider to be very promising is rescuing 
complete crews of ships (especially subs) in an emergency.  The 
Lun can carry a complete sub crew.  The sketch shows the general 
arrangement of a test they have done in sea state four (see Figure 
1)   The wingship points into the wind an wave naturally because 
f the large vertical tail.   The area behind the wing is 

relatively sheltered, and the trailing edge forms a beach for 
beaching small boats and swimmers.  Their studies show that one 
wingship is not enough.  There needs to be three ships for each 
theatre of operations to provide adequate coverage and robustness 
of the system.   He suggested that they are designing a new 
wingship specifically for the rescue mission, Prefu^ly

Vo^J 
modified Lun which we observed under construction at the Volga 
plant. 

This work has ben financed for 30 years by the Navy. It has been 
very expensive! The magnitude was about the same as their 
investment in stealth technologies. More than millions of 
dollars. (Infer that this means in the billions.) For the 
programs to continue, they need outside cooperation. They have no 
orders yet. 

Bob Wilson gave a short presentation on the Power Augmented 
Landing Craft (PARLAC) research work at (then) David Taylor Center 
(DTRC)! He described experimenting with the angle of the engines 
to achieve good performance and said that it was critical. The 
maximum weight of their vehicle was 2700 pounds and the measured 
gross static thrust was 400 pounds for a ^^"L^^t-to-thrust 
ratio of 6.5. They achieved speeds of 55 mph. The height of the 
bottom of the wing above the water was about 12 inches. 
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A. V. Ponomarev discussed their ideas for future cooperation in 
wingship technology. Concerning longitudinal stability, he felt 
that it was essential for certification. They have had some 
success in solving this problem. They understand longitudinal 
stability in ground effect cruise fairly well. The more 
interesting and difficult problems are related to the take-off, 
especially just as the craft leaves the water in waves. This 
phenomena is called "planing off" in seaplane jargon. Blowing 
under the wing tends to move the center of pressure aft. Finally, 
longitudinal stability out of ground effect and in the transitions 
between IGE and OGE needs more work.He believes there should be 
cooperative work on the science and techniques associated with 
altitude control in ground effect flight. 

Cooperative efforts in improving test facilities and in exploiting 
the capabilities of existing facilities could be productive. They 
would be pleased to do testing in their facilities on a 
cooperative program. 

In response to a question, he discussed the how he would go about 
developing a 5000 ton wingship. They have built a 600 ton 
hovercraft and a 1000 ton SES. He thought they would have to work 
out a number of technology areas to be able to confidently design 
a 5000 ton wingship. Materials and structures technology are not 
presently adequate for the application and would need lots of 
development. He encouraged a step by step process. He would use 
vehicles of the LUN size for model testing. 

His specific suggestion was to have the US help them finish 
testing the existing LUN in a joint testing program. The craft is 
already well instrumented. He imagined a joint testing program 
followed by a series of models leading to the larger craft. 
However, his personal enthusiasm was for smaller craft that he 
felt would have more commercial value. He believes that a five 
to-one scale up is weight was a practical limit. That would mean 
that the next large construction could be no larger than 2000 
tons. He also proposed cooperative efforts in marketing and 
selling. 

Professor Kirill Rozhdestvensky, Head of Mathematics Department, 
St Petersburg Marine Technical university, gave an outstanding 
lecture on the application of asymptotic methods to the WIG 
problem. He generalized the Barrows-Widnall results, and was able 
to use the physics of the problem to show why a particular 
characteristic length was important for each aspect of the 
solution. Because his methods required the angle of attack be much 
smaller than h/c, eg, the angle of attack is less than a degree, 
if one uses Volkov's value for optimum h/c. Thus the results did 
not have much application to the WIG as they used it. Still and 
all, this was part of their effort and thus relevant. 



5.  August 11 - TsAGI, Joukowski facility / location 

TsAGI Deputy Director, Leonid Shkadov welcomed us and gave us an 
introduction to TsAGI. Moscow facility director Anatoli Munin and 
his deputy, Vladimir Sokolianskii were introduced. TSAGI was 
formed in 1918 in Moscow. The first director was Joukowski. 
Chaplygin led TSAGI from 1921 and was director for many years. 
Tupollv worked at TSAGI and initiated the new site. The host city 
has a population of about 100,000. 

The new site was started in the 30's and was mostly finished 
before the war. T-100 is the designation of their large subsonic 
wind tunnel with a test section of 24x15 meters. It can accept 
moSels with spans of up to 15 meters. T-104 is » P«^l8lo° ^ 
tunnel. T-106 was there first transonic wind tunnel. All ot 
these were completed prior to the war. T-109 is a supersonic 
tunnel and is ?en years old. T-128 is a very modern transonic 
tunnel tith automatic porosity adjustment of the test section 
walls. That tunnel is technically significant and is currently 
under contract to Boeing for testing. T-117 is a hypersonic 
tunnel capable of Mach numbers to twenty. They also have 
facilities for structural testing including strength, strain, and 
fatigue. In addition, they have an anechoic chamber for acoustic 
fatigue, and solar vacuum facilities. 

One of TsAGI's functions is to test aircraft for the design 
bureaus. They have capable simulators to test control systems. 
They have a vertical wind tunnel for rotorcraft tests. They also 
have hydrodynamic test facilities. The overall site covers about 
150 ^hectares'. It includes a central power plant and compressor 
station. They coordinate with design bureaus on aerodynamic 
features of all designs. TsAGI is the state expert on aircraft. 
They issue all clearances and certifications of new aircraft. The 
manpower is about 10,000. They separated flight research as a 
separate topic in the 40's. They are now the clearance authority 
for all the Wingships. 

Academician Logvinovich then discussed some of their hydrodynamic 
work especially relevant to Wingships. They have cooperated with 
the Beriev Design Bureau on both seaplanes and Wingships. Typical 
seaplane design grosses 80 metric tons and cruises at 750 km/hr. 
?he take off speed would be about 180 km/hr which would require 
testing in water to 200 km/hr. Wingships have unique hydrodynamic 
problems which are more interrelated than seaplanes. They do 
coordinated testing in different facilities. 

Their big low speed towing tank provides speeds to 16 m/sec. It 
can be fitted with a wavey surface on the bottom to simulate 
fUght across waves. In this kind of testing the model Wingship 
is actually under water. It provides high Reynolds number with a 
small model at low speed.  For more conventional testing, they 

10 



generally Froude scale in this facility. Froude scaling in this 
size range does not give correct spray patterns or separation. 
These features are usually obtained from special large scale 
tests Then corrective flow devices are placed on the smaller 
models to get the correct spray and separation. The higher speed 
towing tank, which can reach 40 m/sec can achieve the correct 
separation and spray patterns. They also use motor boats and tow 
models from a long arm extending out to the side. Radis control 
models are another technique which they used specifically on the 

Bartini Wingships. 

One of the very practical reasons for Wingships to have OGE 
capability is maneuverability. In wings-level flight in strong 
ground effect they are basically straight line machines. The OGE 
capability gives them maneuverability and results in a practical 

overall design. 

Logvinovich said that to have any chance of achieving a lift over 
drag ratio of 35 would require a CD0 < 0.01 based on wing area. On 
some large craft they have experienced impact loads of 40 itons, 
and they have tried to work out ways to estimate and limit the 
damage caused by impacts. The Paduff really helps in this regard, 
and he showed some fundamental data showing the effect of paduff 
on the accelerations caused by water impacting the flat lower 
surface of the wing. He believes that very large Wingships would 
be practical. They would not be amphibious and would require the 
development of significant infrastructure. 

The aeroservoelastic problem was discussed by another TsAGI 
expert. He said that were significant differences between 
airplanes, seaplanes, and Wingships. He worked out the special 
requirements for the various unusual vehicle types. There were 
some comments on the crashes generally indicating that they were 
pilot error and did not result from technical deficiencies of the 

craft. 

At day's end, the WTET held a caucus. Rutan suggested that we 
gather a minimal set of data on each of their large machines. 
Specifically we would ask for: 

(1) The mission requirement in terms of range,  speed, 
payload, and sea conditions. 

(2) Actual achieved performance. 

(3) Maximum flight weight and bollard thrust. 

(4) Date of last flight. 

(5) Vehicle disposition (crashed, worn out, cannibalized, 

etc.) 
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(6) Picture - photo preferred. 

(7) Total planform area. 

(8) Empty weight fraction. 

Other items discussed at the caucus included: (1) most important 
questions for the Russians by Wilson, Savitsky, and Camp; (2) 
suggestions«for itinerary modifications; (3) CD0 reduction test 
program and high Mach Ekranoplan wing sections by Reeves; and (4) 
evaluation, options, and finding a positive answer by Fluk. 

6.  August 12 - President Hotel, Moscow 

We reconvened to hear from the people ^^l^^^f"^^ 
T.Mnroo valintin N. Kravtsov introduced the team. Dr. Knini 
RoISvens?*^continued his discussion of insights gained through 
expensive application of singular perturbation methods to the 
aerodynamics of wings in ground effect. 

Shortly after the morning break, we (Mike Francis and Roger 
Gallington) were called out of the meeting to go the Russian White 
House to meet with the Russian Parliament.  In

K
the

an
e.ve,ntR;a

wJ 
didn't meet with the whole parliament, but one member and a staff 
expert   We spoke with Alexander Piskunov, Co-Chairman of the 
Committee on Defense and Security <theix: HMC).  He is Pri-rily 
responsible for the defense part of that committee.  Atter tne 
peS?tory introductions, Mr. Piskunov ascribed the situation in 
Russia!  in the process of reducing the size of their military 
activities, they cannot just dump millions of servicemen on an 
economy that already has problems coming up with new jobs.  He 
also intimated concerns about instability.  Therefore, they have 
chosen to maintain the welfare of a large number of servicemen and 
their families at the expense of weapons procurement and, 
especially, research and development.  To keep their capable 
technology centers from falling apart, they must find outside 
markets for some of these products and get contracts or other 
Srranglments with outside customers for research jnd development 
work.  Because our visit had some possibility of leading to a 
cooperative Russian and American program, he had interest in it. 
Bu? his interest was much broader.  He referred to an agreement 
between the major western countries to prohibit transferring 
certain kinds of technology to Russia (COCOM).  Piskunov stated 
his belief that many of the technologies on the list should not be 
restricted (Apple computers, for example), and that these 
restrictions'hinder Russia in its efforts to get its economy 
working in harmony with the rest of the world.  He asked our 
suppor? in getting the restrictions lifted.  He introduced in a 
leading figure in Russian telecommunications technology, and 
suggested that this was an area of mutual benefit.  It was a very 
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cordial meeting lasting less than an hour. Mike and Roger 
returned to the hotel to attend afternoon sessions. 

The majority of the presentations in the afternoon were provided 
by the Beriev people. They thought that they could get better 
performance from a seaplane than a Wingship. However, they 
indicated a desires to cooperate in the design of a Wingship, if 
that's what the customer really wanted. In the very large sizes, 
they would use ground effect to assist in the take off run, but 
not for cruise. It was not clear what particular features of 
ground effect they valued for take off. It could have been the 
paduff or the reduction in induced drag. It seems unlikely that 
they would have any use for the increase in lift caused by ground 
effect because more lift is available with conventional high lift 
devices out of ground effect. 

Dr Volkov gave a short tutorial contrasting ground effect 
features discernable from a lifting line perspective vice those 
from a 2-D airfoil perspective. He made the point that, for 
typical aspect ratios, the enhancement in lift due to ground 
effect as a result of the lifting line phenomena was much greater 
than that due to the 2-D phenomena. Increasing the aspect ratio 
reduces the increase in lift due to ground effect and makes is 
more difficult to develop good longitudinal stability. He also 
said that they have computer models of the motion of a wingship 
after impulsive loads. The air under the wing cushions the 
impacts. 

There was a short discussion of the last Orlyonuk accident. As a 
result of pilot action, the craft left ground effect. The pilot 
did not add enough power for a proper recovery. The craft came 
back to the water and struck in a slightly nose-down attitude. 
It's not clear whether or not the craft ever stalled or just flew 
one cycle of a ^phugoid' mode oscillation. It skipped off the 
water again and then hit the second time hard enough to break it. 
Someone asked whether or not a wave impact could have caused the 
crash. The answer was no. In answer to a related question, it 
was stated that the main purpose of the hydroski was to damp 
overloads during landing. 

7.   August 13 - Moscow 

A small group within the WTET (Mike Francis, Roger Gallington, 
Burt Rutan, Gene Covert, Joe Gera and Eric Lister) visited the 
Yakovlev Design Bureau in Moscow. The remaining team members went 
on a cultural excursion to Zagorsk. 

At Yakovlev, we were greeted by Chairman Alexander Dondukov, 
Deputy Chairman Arcady Gurtovoy, Chief Designer Nicholas 
Dolzhenkov, and Deputy Chief Designer Konstantin Popovich. The 
company is currently becoming privatized.  They will be owned by a 
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combination of the employees and the state in a specified ratio. 
Deputy Chief Gurtovoy indicated that they recently hosted^NASA and 
the U.S. Marine Corps who had an interest in the YAK-141, a VTOL 
aircraft They build the only Russian commercial aircraft type 
that is certified for passenger use on international routes. Its 
the YAK-40&42 family. They have sold the YAK-40 to Italy and FRG. 
They are working with the airworthiness certification in Canada, 
UK and the US. The airworthiness requirements are different. 
The product line includes aircraft ranging in size from small 
sport aircraft to those carrying up to 170 passengers. 

One of their current design projects is the YAK-UTK trainer. They 
deigned it in response to a 1991 Russian Air Force RFP They 
competed with the other Russian design bureaus. They P^sented 
their preliminary designs to the Air Force. They were selected 
for a second phase with two competitors. A winner may be 
announced next year. The program is nearly dormant because of the 
reduction in military spending in Russia, so Yak is looking for 
western partners to keep the design going. They are teamed with 
Aeromacchi, an Italian company with experience in training 
aircraft, and are building a prototype for demonstrations in 1994. 
Some detail design data were provided. 

They made the point that high alpha training is important. A 
Russian avionics company makes the flight control system. This 
trainer is beyond the US JPATS. It's an advanced trainer. They 
do not think supersonic capability is important. They don't think 
t^spins and tail slides are important in the advanced trainer 
for more sophisticated machines. The design has special ^c^s0^ 
the top to provide FOD-free air for ground running. The wmglets 
improve cruise L/D by about 10% without hurting the 
maLuverability (roll rate?) of the airplane. The airplane can 
serve as its own simulator to train pilots. There is software to 
diagnose training flights. They are using our GPS for navigation 
and a dedicated system of their own for approach and landing. 
They can simulate dropping bombs and other weapons. There are 
hard points designed into the wings. They measure angle of attack 
from the pressure distribution around the nose. 

They discussed the development of the YAK 141. Development of the 
YAK 138 (the 141's predecessor) was started in 1960-61 roughly 
parallel to the Harrier. The take-off weight is nine metric tons. 
The lift thrust is provided by two engines of 5700 kg thrust each. 
Roll control is by tip jets. They were required to use in-country 
engines for the design? They made 200 YAK 138s The vertical 
Uft engines had a life of about 450 hours. They operated at 
gross weights from 8.5 tons to 11.5 tons. The 138 had a 
mechanical flight control system. Its top speed was 1100*m/hr. 
The possible normal acceleration ranged from -3 to +7 g s. Tne 
YAK 141 was developed from 1980 to 1989 The customer wasn't 
happy with the 138 and sought a better design.  They wanted a 
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truly supersonic design for ground attack and point defense. The 
maximum speed in 1800 m/sec at altitudes of 5 km and above. The 
maximum Mach number is 1.8. The top speed at sea level is 1250 
km/hr. The maximum weight for vertical take off is 15800 kg, and 
the maximum weight for short take off is 19500 kg. It can operate 
to a radius of 690 km carrying a 2-ton payload. To do a program 
like this, they get a block of money and hold out a management 
reserve. 

The was first deployed only on ships because they had deck 
surfaces that could stand the heat. They can use concrete ramps 
for a while, but they eventually fail. They did consider other 
arrangements, such a combined lift and cruise engines. They agree 
that combined lift cruise engines would result in a lighter design 
with less frontal area. However, they were driven by tradition 
and experience to the dedicated engines. Their lift engines have 
a thrust to weight ratio of 12:1. 

8. August 14 - 15 Moscow / Nizhny Novgorod 

We traveled to Nizhny Novgorod on Saturday evening and arrived 
Sunday morning. CHDB personnel met us with a bus at the train 
station and took us to the hotel. Several coordination meetings 
were held. We attended a military airshow held over the city's 
Volga river area. MiG 29 and Mig 31 aircraft were among the many 
vehicles to perform. 

9. August 16 - Central Hydrofoil Design Bureau, Nizhny Novgorod 

The meeting convened in the central auditorium of the CHDB. 
Admiral Polanskii, who came from Moscow for the first day, 
emphasized that they had assembled people from all over Russia to 
demonstrate their comprehensive coverage of the Ekranoplan 
subject. The CHDB, on this site, has a long history of technical 
accomplishment. 

Dr. Chubikov indicated that all of the large wingships were built 
here. He acknowledged the highly respected status of our 
delegation and said that his team was similarly well qualified and 
carefully selected. He believed the community needed to develop a 
new vision of sea transport. He believes that take off weights of 
2000- 3000 tons were technically feasible. He claimed to have 
several proposals for cooperation but was not specific. He said 
that his agency intended to continue developing wingships. He 
introduced his team. 

Mike Francis introduced the U.S. team and described it as neither 
critic nor advocate. Said that our team wanted to give the 
wingship the best possible chance, and that we've come to 
appreciate its potential in many applications. Our study has two 
parts ~ technology and missions.  We are scheduled to make our 
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report by November and intend to begin Phase' " ^^^f^J 
approval* is granted. We are also lookxng for areas of 
cooperation. 

nr Chubikov introduced CHDB work.  Alexeyev initiated the whole 
effortf and" is personally responsible «or »««ia^. «pba.« on 
hydrofoils and wingships.  They have *»"* 3°* °fj?11? world s 
v.<i«*«nc   n*»arned from other sources that Russia nas DUIXL 
more hydrofoil boats than any other country.) They have sold 
S?drofoUs to many countries - 35 to Greece alone   J»yb»^ 
600 of the Raketa (Rocket) hydrofoils over a period of 30 years J 
well!  The newer Meteor carries 120 passengers, and they have 
built it for 30 years as well.  All together they have built 1500 
hydrofoil ships/ They indicated that they have also built 6000 
smaller hydrofoil boats.  They gave one ^ Mr Nixon   T^Y now 
have three hvdrofoils in development.  The gas turbine powerea 
CycLn^wUl carry 250 passengers at 45 knots  *£*£«1 «£«£ 
Olvmpia is to be used on a run from Paris to Stockholm.  on its 
deUvery run from the Black Sea to Estonia, it operated    3 5 
meter waves without damage.  They have built two or three axr 
cavity bolts. These have both passenger and cargo applications. 

The Wingship development has involved research from ^tiple 
researcS9Ls?itutes. ?he Russian Navy received an jjrlj report on 
fu.jr «r-naress on Wingships, and that's what initiated tneir uiy 
proiram They have recently initiated work on passenger craft 
?he?"ave designs which carry from five to eight P^P^«*31^ 
«r^nLd 150 and designs to accommodate 250 people. They are 
prepared to cooperate on passenger wingships. Large wingships are 
more efficient. 

Concerning the development path, Chubikov indicated that one can 
go by gradual stages or by leaps. Alexeyev ™.ri*" *° ^aSv 
500 ton CSM early. It defined the most important problems early 
in the Program. Chubikov believes that the optimum take off 
weight now lould be somewhere between 1000 and 3000 tons. All 
their dS°<T Tnd foreign studies indicate an optimum in this range. 
CHDBrhaf nadlood experience up to 500 tons. They overcame ma;or 
«roblems They solved the dynamics problem at all speeds. iney 
have an adequate approach to propulsion in the marine environment 
They havemlke funy welded aircraft like structures. Their mam 
aspiration is to raise the efficiency. 

He indicated that there are several new P^ *o be^ressed 
including more research into applications and marketxiag        They 
should build two to four machines in the range five to rive 
?housa^d tons.  They should continue to press for a way to certify 
the craft internationally. 

we then made an attempt at a group session of questions and 
answers.   The  format involved the WTET members addressing 
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questions to the current Lun designer, who was supported by his 
staff. The Lun designer personally answered all the questions. 

Gene Covert: 
Q: Where is fuel carried in the Lun? 
A: In the wings.  A small amount in the tail. 
0- Is vour welded aluminum as strong as tempered aluminum? 
A: Just used weldable material so far.  Close to having a high 
strength weldable alloy. 

Czimmek: 
Q: Do you relieve manufacturing stresses? 
A: (No response.) 

Wilson * 
Q: What are the main design loads; high speed impact or sea 
sitting? 
A: High speed landing loads. 

Rutan: 
Q: What is the highest speed for landing? 
A: Can survive landing and take off in 3.5 meter waves.  Can touch 
the water at 450 km/hr. 

Covert: 
Q: What is the maximum landing weight? 
A: 80% of the take off weight. 

Rutan: 
Q: What is the maximum speed for full flaps? 
A: Approximately 350 km/hr 

Reeves: 
Q: What is the limiting Mach number? 
A: The flutter speed in 120 km/hr above 500 km/hr. 
Q: How many engines are in operation in cruise? 
A: All are on.   In an emergency they can cruise on any four 
engines. 

Q: Describe the individual impact requirements at take off and 

A^n The9 first touching of the water during landing does not drive 
the design. Subsequent impacts do. The hydroski helps. The main 
structure touches at 270 km/hr. «„n-, 
Q: How much loading (g's) do you experience on the hydroski? 
A: About two g's. 
Q: What does the hydroski weigh? 
A: (No response.) 

Covert: 
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Q: What is the wing limit load? 
A* It is designed for seaworthiness. 
Q- Is it designed for strength or fatigue? _ 
A: It is designed for both strength and fatigue. 

Q^Does the craft operate at or near a constant angle of attack? 
A: Yes. Height depends on speed and thrust. 
Q: What are the functions of the auto controls? 
A: (None or not recorded.) 

Czimmek: 
V, T: avÄ Bta^tysafety0r|actors  that   are  different  for  each 
component. They range from 1.2 to 2. 

Gera: 
S!  ?J? nAutoracontro? system provides additional damping of  some 
modes. 

ot^rit stable both in-gram-effect and out-of-ground-effect? 
A:  Yes. 

Rutsn * 
0- Where is the e.g.? What is the e.g. range? „«.,„.,. 
Si Wouldn't answer.  The e.g. range is small but adequate.  Major 
quantity of fuel is located on the e.g. 

Covert: 
Q: Does it employ a wet wing? 
A: Yes. 

Covert: 
Q: Are there lumber holes? 
A* Yes. 
Q: Any'stress corrosion problems in fuel tanks? 

A: No. 
Fluke 
Q: What payload and range did you design for? 
A: Classified. 

Gera: ,  ^    uo 
Q: What was the cause of the last crash? 
A: Pilot error. 

Savitsky: 
Q: To what extent is salt a problem?       <_,_e 
A: Worked with engine specialists to get solutions. 
Q: How many hours between washes? 
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A: Wash engines on every flight on some installations.  In one 
case, once a year. 

Fluk: 
Q- How many take offs and landings before an engine change? 
A: Use just service life, not cycles.  They are military engines. 
Use them about 700 to 1000 hours. 

Reeves: 
Q: Why didn't you use turboprops? 
A: We do use them on some designs. 

Fluk * 
Q: Have you considered a long life commercial aircraft engine? 
A: Now working on this problem. 

Covert: ,        tJ_.       .       . 
Q: What is rate of normal acceleration increase with elevator 
angle and cruise speed? 
A: Not relevant for ground effect flight. 

Rufc3.il * 
Q: What is the elevator activity in turbulence and waves? 
A: Less than 5 deg. 
Q: What elevator displacement is required for takeoff? 
A: 20 deg each way at different times during take off. 
Q: What is the maximum flap deflection? 
A: 20 deg. 
Q: Are the flaps used deferentially as ailerons? 
A: Yes.  And there is some aileron control left at the maximum 
flap deflection. 

Francis: 
Q: Has the Lun been flight tested at altitude? 
A: Not yet. We're working on it. 

Camp: 
Q: What is the longest flight? 
A: 2000 km in about 4 hours. 

Rutan: . .   .. 
Q: Earlier craft had a vertical fin apparently to generate lateral 
forces for turning. Why did you delete it? 
A: It was inefficient. 

Fluk: 
Q: What is the ferry range? 
A: Don't know.  (Not used for this purpose.) 

Rutan: 
Q: What is the turning radius? 
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A: (No response.) 

10.  Tuesday, August 17, Chkalovsk Test Site 

we were transported via hydrofoil boat to the test site near 
Chkalovsk The trip took about two hours. Individual 
conve^ations during the trip yielded several nuggets of new 
information. 

f^ilar   factor    in    his   paraa«t ric,,  >        gg?^?<^ 
ÄÄ'with fta ^propulsion' specialist and got uost of the 
information he required. 

The group witnessed demonstration flights of both two place 
^StriS' trainer wingship and the Volga II air cushion vehicle 
The Strizh performed for a short time, but demonstrated 
Siamä ffight under both in-ground •«•* •^^f^SlS 
Ä*.*Ä«*- ^«nH^i-<nns Fliahts were conducted on the GorKy s>ea, waiw» 
we observed''fromseveill hydrofoil boats and a catamaran (group 
members dispersed). Photos were taken. 

We returned to Nizhny Novgorod via hydrofoil that evening. We 
c^nve^ed a sh^rt caucus of the technical team after dinner The 
aenelal perception was that we weren't getting some of the 
f^or^tiorwe^eded to understand ttaj.Russian technology A 

discussion We aiso decided that a serious problem was that the 
fndividuals that possessed the information we sought were not 
getting a^ opportunity to speak. Therefore, we decided tc> force 
?he next session to be in smaller groups organized into topical 
areas where6 we needed the most help., The topical areas turned out 
Inbe- (1)missions and applications; (2) flight test, U) 
structures seaworthiness, and materials; and (4) design. Mike 
conveyefour regies? forcefully to RAS and the Russian government 
representatives. 

11.  Wednesday, August 18, the Kremlin, Nizhny Novgorod. 

tad already achieved, a new technical approach was required. 
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During the 60's, there were both theoretical and experimental 
studies, including tests with vehicles ranging from 1.5 to 2 tons. 
They tried to learn the appropriate scaling rules and how to 
achieve stability near the surface. Sokolov presented a chart 
showing Froude number on the horizontal axis and power required 
per unit weight on the vertical axis. One then observes three 
^regimes' as you progress from lower left to the upper right. 
First is pure air cushion craft. In the middle are hybrid air 
cushion (Volga II) type craft. At the upper right corner is the 
Strizh type vehicle (pure Ekranoplan). The Ekranoplan has evolved 
to a configuration that uses paduff to take off and a hydroski for 
landing. The amount of blowing and the relative size of the 
hydroski is specialized for each craft. 

Sokolov gave a brief history of the developments leading up the 
CSM. He has been continuously in the business for thirty years ~ 
since leaving the university. These include: 

1961 CM1 
1962 CM2 
1963 CM277 
1962 CM3 
1964 CM4 
1964 CM5 
1965 CM8 
1967 VT1 
1966 CSM 

2.3 ton vehicle 
3.2 ton.vehicle 
6.3 ton vehicle 
3.4 ton vehicle 
4.8 ton vehicle 
7.37 ton vehicle 
8.1 ton vehicle 
0.7 ton vehicle 
500 ton vehicle 

Sokolov then gave a description of their wingship design process 
separated into structures, layout, controls and instruments and 
his vision for future designs. 

On structures, they initially used TSAGI data and recommendations. 
From that they developed the strength requirements. They tested 
several models, varying both Froude and Reynolds numbers to 
establish requirements. They correlated data with the CSM. 
Considered both dynamic loads and fatigue. 

Their design sequence is to: (1) choose the layout first; (2) find 
the optimum wing loading (apparently based on a speed requirement 
and a knowledge of the lift coefficient for good stability IGE) 
and; (3) find the stability foci as a function of height, angle of 
attack, aspect ratio, and end plate depth. They would also 
investigate efficiency in PAR effect. The available payload mass 
was determined last. 

They have had some problems with automatic controls. All 
wingships have static and dynamic stability. The Volga II stays 
in strong ground effect and is naturally stable. The Strizh is 
more maneuverable and is stable both IGE and OGE. Only the Lun 
and Orlyonuk have (artificial) damping and stabilization. 
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Thev have had to make some compromises to operate in the sea 
environment that detracted from performance. They use an aluminum 
and magnesium alloy which has about 2/3 the strengt of i 
strength aluminum alloys. In future designs they would propose to 

new alloys of their own or to use US alloys. Examples are 
lithium and scandium alloys with aluminum. They used aviation 
engines modified for the marine environment They would ex 
some improvement in engine performance with a special P^P°?e 
design. They believe that to achieve adequate safety in flight 
control that they need a robust height measurement. 

Till now, they have been designing only for military requirements. 
They are now trying to meet requirements for civil operation. 
They want to improve the max L/D.  It's now 25, and they seek30 
Theyhydroski now has an L/D of only 5 to 7, and they would like to 
go higher. They recognize the need to get the empty weight down. 

Sokolov described three size ranges of ekranoplans. *J} r?*jJre * 
S-ai-ir thrust to weight ratio of about 0.25. Up to 500 tons, he 
believes th!^airplane configuration is best. Around 1000 tone, he 
believes the flying wing configuration is best. They originally 
had desSigtn^ concept fro

9m 1000 tons to 5000 tons that would be 
nuclear lowered. The latest design concept has evolved to the 
chemically powered craft in the 300 ton range. 

Thev now believe that the practical limit for the number of 
engines Is 10 Since new engines are rated at about 40 tons, they 
seTa 2000 ton limit based on engine technology alone. However, 
iokolov felt that was too large a jump from the present 350 ton 
size and recommended an 800 ton design as the next logical step 
The 800 ton machine would be a flying wing or a multiple W1ng 
configuration. The high L/D they sought (took tins to be 25, or 
5oT would be for smooth water only. In sea state 4 or 5 (3.5 
meter waves), this would degrade to 20 or 25. He thought all 
application^!'studies from now on must be dual Purpose Sokolov 
appeared to like the idea of designing craft to meet a 
requirement, as opposed to just making something and  seeing what 
it does. 

Dr. Diomidov of the Central Research and Development Institute, 
«Eiektropribor", St. Petersburg, reviewed the efforts.they had 
made on the development of automatic controls. In «"'they 
built the two-person AN-25 which cruised at 130 to 140' *m/hr. 
They made 42 flights in it. He personally flew it with Alexeyev. 
In 1967, they flew the CSM which had instruments to guide the 
pilot, but (to our understanding) no automatic control system. In 
1974 thev first flew the Orlyonuk which has a flight control 
system *S»erna4 Is designation) . In 1986, they flew the Lun 
which has a newer version flight control system designation - 
Smerna 3).  There have been a total of 1500 hours of trouble free 
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operation of the Orlyonuk and Lun flight control systems. They 
first considered the autopilot as just an add-on. Its specific 
purpose was to reduce the pressure on the pilot during night 
operations. They did not manage to build a large ekranoplan that 
had satisfactory natural stability. They decided that they must 
have automatic flight controls. 

They divide the problem into several general areas. The system 
must damp the vehicle motion about all three rotational axes. It 
must establish the proper trim condition for each speed of flignt. 
It must assure speed stability. In the cockpit, the system must 
provide appropriate angle limit warnings to the pilot. It must 
provide means for the pilot to trim the controls. It must provide 
for control of the engines and provide appropriate switchology and 
fault detection. They achieve reliability by hardware redundancy, 
equipment redundancy, signal mixing and selection, and appropriate 
rate and displacement limits. They use equipment from the 
aviation design bureaus. 

Special control system problems peculiar to ekranoplans are: (1) 
wave height measurement; (2) navigation; (4) demanding angular 
rate limits; and (5) control surface overloads. They must 
stabilize pitch angle within a very narrow angular range. Typical 
aircraft type control requirements are not appropriate. 

Turning is unique. It requires the operation of all controls and 
combines sideslip and bank. The rule is to maintain the clearance 
at the inside wingtip. Therefore, the pilot must know what this 
clearance is. First they did it with a rear view mirror. Later 
they used direct measurements of the tip clearance. Diomidov 
noted that no accidents were ever attributed to an FCS failure. 

The CHDB intends to employ this institute for all future designs 
of FCS systems. All systems have been delivered on time. There 
have been no flight test holds attributed to FCS. The systems 
provided effective damping and improved stability. The systems 
made it possible to stabilize the craft at otherwise unstable 
parts of the envelope to achieve better L/D. 

Among new things they would do on the next FCS are: (1) control 
large scale vertical maneuvers; (2) automate the take off and 
landing runs; and (3) optimally allocate functions between manual 
and automatic. Diomidov made the point that flight control work 
should start early in the design process. He also mentioned that 
they used a simulator in their FCS development work — although 
none of our group saw it. 

We then broke up into small specialty discussion groups. Some 
comments from the 'design' and the 'applications' groups follow. 
Other group comments can be found in the appended trip reports. 
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-Design Group notes- 

John Reeves began by noting that different design groups in Russia 
seem to favor different configurations. .Irkutsk »«so iated 
WM-K thp flvino winq. Taganrog (specifically Bartini) was 
Lsooiated with a coined platform with high aspect ratio and low 
aspect ratio parts. 

in response, Sokolov noted that the CHDB settled on the low aspect 
ratio aircraft type configuration at least partly to get good 
behavior over waves. For example, they made extensive studies of 
tS tandem wingconfigurations and found that they were too 
closely coupled 9to the surface in pitch This couplingf caused a 
number of accidents and crashes (in models, presumably). They 
concluded that the tandem configurations were only useful in a 
very narrow altitude range. 

However, Sokolov believes that at very large sizes the airplane 
configuration becomes less desirable At 800 tons, he believes 
the daft should be a spanloader or flying iwing. He de"jitely 
wants a tailless version over 600 tons. The reduced tail area 
will hip the L/D a lot. He believes that careful shaping of the 
wing ill result in adequate stability. He agrees that the 
hyS?odynamic features such as steps and spray strips are major 
drag producers but didn't make any specific suggestions on how to 
reduce this drag. 

Roger Gallington then discussed the typical wes ^"systems 
engineering approach of first developing requirements and then 
defignJng ?o them and asked Sokolov what items should be included 
in a top level set of requirements. The minimum list came out to 
bS: (1° payload description; (2) range; (3) height of "jves; (4) 
loading and unloading infrastructure; (5) take off and landing 
^stances? (S^gust conditions; and (7) basing. We then asked him 
to fill in this table for the existing craft and for what he 
thought he could design in the future. 

REQUIREMENT 
Payload 
Range (km) 
Wave Height (m) 
Loading 
Turn Rad (km) 
TO Dist/Time 
Basing 
Cruise (km/hr) 
TOGW (mtrc tns) 

EXISTING TECHNOLOGY 
80 ton 80 ton 
2000 2000 
3 3 
Dock Dock 
4 3.5 
1.5m/3.5km 90s/3.5km 
Optional Optimal 
400 400 
350 250-280 

NEW TECHNOLOGY 
150 ton     500 ton 
5000 
3.5 
Dock 
5 
2m/5km 
Sea 
450-500 
800 

12000 
4.5-5 
Dock 
10 
5 km 
Sea 
600 
2000 

Sokolov said they had several problems they had to work on to make 
better craft. He thought the L/D and the speeds they could 
achieve would be economically attractive.   They need better 
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engines with lower fuel consumption. The empty weight fractions 
must get better. They must keep the cost lower than an aircraft 
that can perform the same mission. 

They can safely clip the tops of the waves in sea states three to 
four. (He could have meant wave heights in meters.) They use 
full elevator control for takeoff and landing. They limit 
available elevator travel in cruise. Pilots must be trained for 
ekranoplan operation. Human factors are very important above 450 
km/hr. Similar on all vehicles. Must get the pilot help. He 
believes that a flying wing design could be all near the surface - 
- that is, it may not require an OGE part to stabilize it. 

Concerning de-icing, he said that the inlet lips were hot, the 
leading edge of the wing is taken care of by the paduff, and the 
rest of the craft requires a dedicated deicing system. In big 
designs it may be most practical to use a Diesel engine for low 
speed maneuvering. Such an engine could use the same fuel type as 
the turbine engines. 

Existing wingship designs did not incorporate all advantages. The 
first designs satisfied mainly tactical requirements and did not 
emphasized either efficiency or cost. There were always 
competition with the aircraft community approach to designing to 
the same requirements. There were positive aspects of this 
competition. They could find quite a bit of aircraft type 
equipment that they could qualify for wingship applications. 
Additionally, since the wingship environments were, in some ways, 
less demanding than aircraft requirements, they could find some 
non-aviation equipment that they could qualify. 

The applications group discussed the following 
mission/applications areas (all were mentioned as being of 
interest to the Russians): 

•Sea rescue under adverse marine conditions. 
•Passenger transport over ^unique' routes. 
• Changing crews on oil rigs / fishing boats. 
•Urgent transport of outsized cargo. 
• Travel in Siberia 
•Natural resource extraction in shallow water environs. 

A prepositioned worldwide *fire department' made up of Orlan 
wingships transported in the backs of large *Mariah" (Antonoy) 
aircraft was discussed at length. Five units, properly 
positioned, could adequately cover the globe, it was argued. 
Could be used for rescue, oil slick containment, or other 
emergencies. 

A unique transportation route between Vladivostsk and Japan was 
mentioned by Capt Malyshev.  Other candidate South Pacific routes 
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were also discussed. Chubikov mentioned that the Wingship was not 
attractive (efficient) for transatlantic operations. 

We took the train back to Moscow on Wednesday evening. 

12.  Thursday, August 19, TsAGI, Moscow facility. 

A small group of us visited the TsAGI location in Moscow. Our 
objectives were the simulator and the hydrodynamic testing 
facilities. Roger joined the hydrodynamics group. Mike joined 
the simulator group. Our tour included two wind tunnels and one 
towing tank. 

TsAGI/Moscow employs 850 people in four major departments. They 
are: (1) low speed aerodynamics; <2) aviation acoustics; (3) 
hydrodynamics; and (4) scientific information services. The 
scientific information services department services the whole 
aviation industry — not just TsAGI. 

They do research on ekraloplans as a class as opposed to the 
Nizhny Novgorod facility which models specific craft. They strive 
for static and dynamic stability and make recommendations to the 
designers which they can accept or reject. They only make 
recommendations for flight procedures IGE. They are the clearance 
authority for OGE flight. They clear every flight of the Orlyonuk 
and Lun. They believe that a 1200 ton design could achieve the 
same efficiency as a good subsonic aircraft but not much more. It 
would have to be loaded and fueled at docks. It would be for 
commercial operations. Here are some estimated technical 
characteristics: 

Flying Height= 5 meters 
Payload = 400 tons 
Range = 6000 km 
L/D = 26-30 
W/S = 600 kg/mA2 

Before 1990, there was both shipbuilder and aviation activity in 
the program. When they started contemplating OGE ferry flights 
for weather avoidance, the Navy realized that is was essentially 
an aircraft and had to be handled that way. 

They also do most of the model testing for seaplanes. In fact, 
they have been involved with seaplanes longer than they have 
wingships. Wingships have some peculiarities. For example, they 
can almost completely model seaplanes by adding aerodynamic, 
hydrodynamic, and propulsion forces. They have not been able to 
made a similar model for wingships because of the strong 
interactions of these effects near the surface. The paduff 
complicates the situation even more. Also, the wingships tend to 
have many complicated and interacting hydrodynamic features.  A 
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seaplane hull has a maximum L/D (at its worst speed) of about four 
to five. The corresponding value for a wingship with paduff is 
about six to seven. The flaps blow back under hydrodynamic loads 
in all their large designs. They have found that, if the beam of 
the model hull is greater than 300mm, Reynolds effects are 
negligible for Froude scaled models. 

TsAGI efforts in flight controls has extended back 25 years. 
Research has taken multiple paths focusing on 3 "methods' of 
control - yaw, roll and pitch angle. Two Ekranoplan modes were 
mentioned - the so-called "quick motion' mode (not a true short 
period mode) - 4-5 seconds time constant; and a much longer "slow 
motion' mode. A special height control measurement instrument was 
devised to aid automatic system in coping with quick motion mode 
effects. A classified radio-isotope altitude sensor was 
mentioned, but not discussed. 

13.  Friday, August 20 - Monday, August 23 

The technical team departed for the U.S. during this period. Lt. 
Col. Francis conducted several meetings with government officials 
during this period, including VAdm. Polyanskii, M/G Miranov, Capt. 
Logvinenko and Dr. Degtaryev. 

Attachments: Trip Reports (8) 
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ADVANCED RESEARCH PROJECTS AGENCY 
3701  NORTH FAIRFAX DRIVE 
ARLINGTON. VA  22203-1714 

23 November 1993 

MEMORANDUM FOR THE RECORD 

SUBJECT:     Trip Report, Moscow/Makhachkala, Russia 25 September - 3 October 1993 

FROM: LtCol Michael S. Francis^ARPA) and Dr. Roger Gallington(SAIC) 

• f o< c^ntpmlvr 1993 and remained overnight in Moscow 1.   We arrived in Moscow on the evening ofJJ Scp^«l wm ^     &    *    ^^ed. 
on Saturday (25 September 1993) and^unday £^- «J^g included ourselves, as well as 
Wingship Technical Evaluation Team 0™T):members £™ive<i        contractors (at their own 

McDonnell Douglas Corporation. 

2      M»"^«v-  27 «»ptPmher  1993. 

Makhachkala in Dagestan. 

Upon arrival, everyone exchanged inactions and gtongs  Weta«^£££533 

to prepare for the upcoming dem^tration. ^g^^SSfa teto» Soviet Union 
overhaul. It is nearl)rat the end ofrts usefulhfe. B«^?^^ preparations for the 
have caused some deterioration of con^^^J^.^S^^^^^^inp^ 
demonstration required even more time■*£*£'«g^ggtaon TST(28 September 

Tff^CmeetogtÄed^ruptly, and all substanüal planning aeuvfes were deferred to 
unspecified later planning sessions of smaller groups. 

was very interested in what the American tecnnojug»«u &. -^ estimated sea-level 
vehicles Since Eric wasn't there, Roger informed bm A* ^^J^^^ a series 
performance of the new turbofans under ^^^^^SS,^ a NASA-sponsored 

fnÄ^^ Akey 



result of the NASA study was that there was an optimum turbine inlet temperature that minimized 
the sum of costs, considering fuel and other direct operating costs along with additional 
construction and repair costs associated with the higher turbine inlet temperatures. According to 
the General Electric (GE) part of this study, the optimum value was about 1550 deg Kelvin. He 
went on to say that the variation in this parameter caused by salt deposition was larger at higher 
mean values. Therefore, he observed that hotter engines are less conservative in the salty 
environment. The main effect of salt deposition appears to be to lower the flow rate through the 
compressor. The second order effect is to lower the compressor efficiency. In propulsion terms 
the salt deposition moves the whole compressor map to the left. He made the observaüon that. Oe 
Pratt and Whitney engines we are using for our parametncs have a high turbine inlet temperature 
and would not be good for this application. (However, Roger believes that if a lower turbine inlet 
temperature were used, we would predict less range for our parametncly analyzed vehicle.)Ur. 
Perevozkin further reminded us that the Russians had spent a lot of time coming up with a practical 
engine wash system Other comments include: . 

. the equipment usually used on the hydrofoil boats and other manne gas turbine 
applications is not practical, it is too heavy and voluminous. 

• they need lots of access for inspection. 
• a flight recorder preserves engine data. 

Mr. Bulanov who designed the smaller Strizh vehicle described it with the following table of 
values. 

Table I - STRIZH Data 

Power = Two 160 hp piston engines 
Weight = 1.6 metric tons 

Top Speed = 200 km/hr 
Cruise Speed = 170 km/hr 

Max Height Waves for Takeoff = .6 to .7m 
Max Height Waves for Cruise = 1.5m 

TAKE OFF SCHEDULE 

Flap Angle                 Power Level 
 (deg)        (%)  

Speed Thrust Angle 
(km/hr) (deg) 

0 25 
50-60 25 

90 25 
110-120 0 

170 0 

To loo 
20 100 
30 100 
30 100 
0 60 

Bulanov was deputy to Alexeyev on the Caspian Sea Monster (CSM). He indicated that they had 
lifted approximately 544 metric tons in 1973. 

There were some questions on the wing section of the Strizh. Notes indicate a thickness ratio of 
about 10% located at about 30% chord. 

In a meeting later that evening, Capt. Maleshev said that they had done^studies that showedwe 
could have done the Persian Gulf job at one-fifth the cost using wingships vs. C-130s. Mike 
commented that we would have to compare to C-5s and C-17s. 



At that meeting, we also passed on our requests for data ^^^^^^£^^1 
th« ^^.mnnctratinn The next two lists itemize our request. The third list in section tnree is a 
^SSve rfü," mgSptSvided by Dr. Sotolov, whichpartially respond, .0 these daa 
requests. 

Data Requested from Flight Recorder 

As a function of time and for each maneuver 

1. Indications of thrust or power for each engine including: pressure ratio, rotational speed, 
and torque 

2. Airspeed 

3. Altitude 
4. Normal acceleration, lateral acceleration 

5. Fuel Row Rate 

6. Heading 
7. Pitch and Bank (Angles, Rates) 

8. Nozzle Position 

9. Flap Position 
10. Rudder, Elevator, Aileron Positions 

Specific Data or Maneuvers Requested for Review/Observation 

1. Take-off Weight 
2. Enter me cockpit and make a sketch and take a p^ 

1        Brief the CHDB photographer on what to do during various phases of the demonstration 
'       fNOTEWfewffl ask mfcamera man to photograph the critical instruments during various 

phaSof fliglhL We will probably want him to photograph the horizon durmg the control 
pulses.) 

4. Accompany the crew on the pre-flight check (2 or 3 of our team) 

5. Engine start 

6. Taxi to water 

7. Maneuver at very low speed 

8. Take off (Normal) 

9. Fly the race track pattern in ground effect 

10. Fly steadily at three different speeds at the same height 
11. Make amaximum rate turn through 90° of heading change. (We want to view frominside 

the turn). 

12. With autopilot on: 
a. make a pitch pulse (view this from side) 



b. make a roll pulse (would like to view from rear) 

c. make a yaw pulse (would like to view from rear) 

13. Land 

14. Shut down engines 

15. Take off with full flap deflection from rest or about 10 km/hr 

16. Landing (a second time) 

17. Exit water onto ramp 

18. Maneuver into position and shut down. 

19. Learn the final weight. 

Lengthy discusions concerning our entry onto the base also ensued. Concerns ^ ^ £«* 
late security restrictions being imposed. Capt (Col) Andre Logyinenko, Mike s Russian 
counterpart, spent much of the evening trying to deal with the security issues. 

3.   Tuesday. 28 <J*yt*mher  1993- 

The team was transported to the Russian Naval Base and Kaspisk at 9:00am Entry was provided 
wimoutincident, although security was heavy. We were told then we were the first foreigners (of 
any nationality) ever allowed in the area. 

Photography was restricted to the Orlyonok vehicle being demonstrated. Photos at the Lun vehicle 
another Dortions of the facility were not permited. We were permitted to photograph the 
OrlyÄ dSg prefüght preparations as well as during the flight at length Many photographs 
were taken. EveSts wire recorded on four separate Videorecorders (Rutan Hooker, Miller, and 
Tubbesing). A composite video of the flight events has been made and is available. 

The actual flying took place over an approximate two hour period Significant ev™* deluded: 
engine run-up, <*«* entry, taxi, takeoff (in rough seas), cruise flight - single pass, 90 turn, out- 
of-ground effect flight, landing, taxi, and exit from water onto ramp. 

Immediately following the flight, we were informed that - contrary to prior statements - we would 
Ä ÄSTemer the vehicle and that actual flying recorder data would not be provide^ 
LtCol Francis strenuously objected but to no avail. Detailed discussions were held with Russian 
^erTSd^aSo father as much useful data as possibly To partially answer our 
questions, Dr. Sokolov provided the following written description of the flight 

Wingship Demonstration Flight Held 09/28/93. 

1. Takeoff weight of the wingship - about 120 tons. 
2. Rough sea, wave height 1.5-2.0 meters (plus a windwave and choppy sea) the wave is 

higher than the regular by 0.5 m 

3. Wingship characteristics 

3.1      Beginning of movement: 
.    starting and cruising engine are in the takeoff mode with a total thrust of 35 

tons; the cruising engine 15 tons the starting engines 10.5 tons. 



• the nozzles of the starting engine are in horizontal position i.e. the engines work 
to produce thrust (without blowing under the wing) 

• the flaps are retracted 
• the hydroskis are extracted and are in the starting position (that is 20-60% of the 

full extraction and the full extraction is 1.5 meters (depending on the sea state). 

3.2 When the wingship reaches the speed 50 - 70 km/hr the nozzles are brought to an 
angle of +15° with blowing under the wing. 

3.3 When the wingship reaches the speed of 150-180 km/hr the flaps are gradually 
extended to the +20° position. 

3 4 At the speed of 200-230 km/hr the takeoff from the water surface occurs, and when 
the speed reaches more than 250 km/hr the position of the nozzles becomes 
horizontal, the flaps are gradually retracted and the wingship is accelerated to a 
cruising speed of 360-380 km/hr. 

3 5 When the cruising speed has been reached the starting engines usually are shut 
down, and the cruising engine works in the mode that is about 0.85 of the nominal 
one. 

3.6 During the cruising mode: 
• flight altitude is 0.5 - 1.0 m (up to 3 meters), depending on the sea state. 

• flaps are retracted 

• the pitch is 0°-l° 

• the roll is 0° 
3.7 The fuel consumption in the cruising mode is about 3.0 tons per one hour of flight 

3*8     When performing a turn (R = 2.5 - 5.0 km) the thrust of «^ «u^ ewliie is 
increased and the altitude is increased up to 3.0 - 4.0 meters. The roll is 5 -10 
(15°) and the wingship performs a coordinated turn with the flaps working in tne 
aileron mode. 

3 9 When landing the thrust of the cruising engine is changed, the flaps are extendedto 
+30°, the altitude of the flight is 3.0 - 4.0 m, the hydroskis are in landing mode 
position, (that is they are fully extended), and the pitch is slightly increased. 

3.10   The speed when the hydrosk touch the water is -250 km/h 
3 11 When the wingship is decelerating the flaps are retracted (so that they won't get 

damaged when touching the water), and during the taxiing (160-170 knVh) Ae 
blowing under the wing is switched on, (the nose engines are switched on before 
the landing), but during the demonstration flight, due to its brevity and due to the 
sea state, they weren't shut off during the flight at all. 

3 12 The calculated vertical acceleration at the takeoff - landing mode is about 5:6 g units 
- side acceleration (the calculated (or the regular) one is about 1.5-2.0 g units. 

For the demonstration flight, the pressure loads on the hull and the wings during takeoff and 
landing were considerably lower than the design limits would have allowed. 
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After the flight (about 1500 hours), there was a general meeting at which Capt. Maleshev 
suggested a general question and answer period. One of our hosts from Dagastan invited the team 
for a meeting with the Mayor of Kaspisk during the afternoon of the 29th, to be followed by a 
dinner on the shore of the Caspian sea. Dr. Chubikov said that the flight was over waves near the 
limit of the capability of the vehicle - he called it "near emergency" conditions. Said the waves 
were 2.25 meters high. The general question period began. Most of the discussion was with the 
test pilot. 

The transition from land to sea was normal. The conditions were quite bad with wind driven chop 
on top of a rolling sea. Today the waves ranged from 1.9 to 2.5 meters during the takeoff. The 
long wavelength of the rolling sea was bad. They came very close to getting water in the engines. 
The take off was normal. The waves can cause significant impacts and the pilot adjusts the 
extension of the hydroski as appropriate. On this takeoff, the hydroski was extended farther than 
normal. After the takeoff, the flight was routine. The pilot hand-flew the entire flight. The pilot 
had not had much recent practice and took this opportunity to get some. At the roughest point, the 
sea was up to three meters and the average clearance was four meters. The air injection engines 
were left on during the flight because the flight was short and they did not want to introduce the 
uncertainty of starting them for landing. One of the main uses of the forward engmes is to lift the 
nose to keep the water from getting into the engines. The turn radius of 2.5 to 3 km at 370 km/hr. 
On landing the ski first touches the water at 230 km/hr. Someone asked if the craft could be 
trimmed to fly "hands off- in the conditions that existed today. He answered that, under smoother 
conditions, it will fly unattended without autopilot, but today conditions were too rough for that It 
has trim controls for all three axes. It will fly out of ground effect at 340 km/hr on the same 
amount of power that produces 360 km/hr in ground effect Speed range out of ground effect is 
250 to 400 km/hr. The take off weight was about 120 metric tons, and the landing weight was 
about 117 metric tons. The pilot looks in a rear view mirror to see if any water goes into the cruise 
engine. He also looks at the water just forward of the wing leading edge to help decide how to 
deflect the forward nozzles. Cruise requires about 85% of the rated power of the cruise engine. 

4. Wednesday. ?9 Sgptemher 1993. 

LtCol Francis left for Moscow in the morning. He was required to return to the United Stetes 
earlier than the rest of the group to attend other meetings.' Dr. Gallington was put m charge of the 
US delegation for the remainder of the trip. 

Here are a few notes from the meeting with the Vice Mayor of Kaspisk and the Chairwoman of 
''   their city council. The mayor had gone to Moscow for political discussions. There was some 

ceremonial toasting and gift giving first 

Kaspisk is much larger than we had believed. Population 300,000, if our notes are correct. It has 
a museum and cultural center for each of 38 languages. Located just north of the Caucasus 
mountains the town is inhabited by many small groups speaking different languages. They have a 
University of Foreign Relations with many foreign students. It is relatively new city of 
revolutionaries", defined and built after the Bolshevik revolution. Since there was no Kapisk until 
the communists came and westerners were not allowed to visit until recently, we were the first 
Americans in the town of Kaspisk. The Caspian Sea has changed over time. In the 19th century 
there was no land at the present location of Kaspisk. When the Communists came to power, they 
had many programs in the town's Lenin Square to encourage people to support the Supreme 
Soviet. This developed constructive movements uniting to improve Dagastan. There are seven 
major political units. There are many ethnic groups including mountain jews, moslems and others. 
The groups have tended to merge and intermarry. The area experienced its' last earthquake m 1970, 
a severe tremor. 

5. We returned to Moscow on Thursday (30 September 1993), traveling most of the day. 



^6.   Friday. 1 Octoher 1993. 

Steve Hooker and Roger met with Academician Logvinovich (TsAGI) to discuss the problem of 
understanding the air injection phenomenon from a more fundamental basis. They discussed 
several points including "matching" the cross section of the incoming jet to get a sudden pressure 
rise at the wing leading edge. 

Professor Logvinovich continued to make the point that he preferred the flying wing configuration 
for a very large WIG. However, he thought air injection was required for take off and landing. 
He admitted the forward-extending pylons would be required to carry the air injectioni engines. He 
believes that using only hydrodynamic planing surfaces for support during takeoff will always 
cause unacceptable drag. We mentioned the obvious problemof getting the center of gravity in toe 
right place with the forward-mounted engines and no tail. There was no obvious answer. He 
recognizes that the means of loading payload or boarding passengers is an important design 
requhement. He believes it should be towed into port and unloaded with conventional cranes ß 
should be treated like a ship in the harbor and maneuvered with tugs. Professor Logvmoyich 
r^ommVnded a book he had written and which had been translated mto enghsh. We have since 
obtained a copy. 

7.   Saturday. 1 Ortnher 1993. 

Most of the team left Moscow on Saturday evening. The parliament building; (their white house) 
was shelled on Sunday morning, as Yeltsin's troops attempted to end the rebellion. 



DATE: 08-25-93 

TO: WIG File 

FROM: R. Gallington 

SUBJECT: Trip Report - Russia 08-07 through 08-21 

Arrive in Moscow about 1700 local time. Met by Representatives from Russian American 
Sciences - namely, Dimitri Sachkov and Elena Kapoustina. Dimitri drove me to the President 
Hotel. 

On 08-09, the whole Wingship Technical Evaluation Team (WTET) went by charter bus to the 
Ministry of Defense for a discussion of the overall planning that had been done for our visit. 
Navy Captain of the First Rank (roughly equivalent to a Brigadier General) Andre Logvinenko 
introduced the Russians present including Admiral Polyanski. Admiral Polyanski made the first 
prepared comments. 

He discussed the new environment in Russia that had provided the conditions that allowed this 
type of cooperation (our trip) to take place. He stated that much of the material we would be 
discussed is confidential. It is subject to the control of the MOD. Their support of Ekranoplan 
work began in the 60's and extended through the 70's. They intend to share their experiences 
with us They have translated and read our questions and have set an agenda that should answer 
most of them. He said that they intended to execute the plan as we received it today. We will 
see the results of their laboratory work and visit a major assembly site. He asked members of 
our group to share our ideas and experiences as the visit progressed. He asked for our final 
response. (I assume he meant our final report.) He said that our questions would take a long 
time to answer completely. But, executing this plan should result in answers to the most 
important ones. 

Mike Francis thanked the Admiral and his staff for their hospitality and the advanced planning 
that they had done. He said that our charter included both civil and military applications. He 
assured the Russians that we brought technical material to share with them to indicate what 
progress we had made on our study so far and some information on related work m the United 
States. 

Captain Logvinenko emphasized that this was the military part of the Russian team. The Navy 
provided the majority support for Ekranoplan development. They had some problems m making 
arrangements for our visit that would satisfy all concerned. There were diverse opinions m their 
community. Captain Logvinenko stated that the fact that the visit could occur at all was a 
victory He emphasized that the cooperation should be two-sided. He said that our discussions 
would be under the supervision of security services. Any meeting outside the scheduled program 
will be prohibited. These rules apply during the entire two-week visit. 



commnntty.   »**"**£ tta^^^ a „^.purpose vehicle «Mi its 

ÄK^wEÄ.   * «*— *— "-»- ^ W0UW bC- 

_i i,«,,«««    HP «stated that Ekranoplans are designed tor operation m iK**y *«» 
ÄÄ"™f Ä* out on a!! to programs, and uns was not an 

exception. 

and Indonesia have interest in buying existing products and have visited. 

possibilities. 

Joe Gera asked why they didn't use «M' ^»ijf w^t" „. 
preferred Ekranoplans but gave no reason „^J^^^ma waves) and the 

5ffT-WfÄ 7-Sr-JÄ? Ä- Btranoplans were 
larger than seaplanes and could operate in rougher conditions.) 



teger than the *^^™*£"&& 2d «"SÄ « 
would allow anxious ^°^£^/Sanoplans. (A 4 question for our 
E£Ä «AM SI roughest water. We need some sort of a gmphic 

in the final report addressing this point.) 

Logvinenko made some comment I didn't record. 

Mike Francis said tnat we were aware of some ft^^^^SS^LZ 

for strategic mobility. 

Somewhere along here we ended .he meeting at MOD had Innch and re-convened in me 
conference room at the President Hotel. 

Academician Logvinovich said the TsAG,hadI ~£^wandttfce «i I*. 
Within 120 km they have tow tanks capable of 30 to 40 meters per »e 
SSrTlahorTries are closely related and coordinate then acnvmes. 

Odter people introduced inclnded Sokflyanskii, Capt. Malyshev, Dr. Fomin, Volkov, and 
Ponomarev. The WTET was also there. 

H. i,^ »Tmaed Dr Chubikov to be there but he wasn't. They Dr. Fomin spoke to the group. He had expected Dr- ^nun*» ^^ K 
«w he flew to Moscow, but for some reason he dtdn  get »™°^ed^ woula ^ , 

explain some more details «*^g~XS£^?£^*»»* » "* 
historical film The qm« «^"Kodynamic ground effect in the 
hydrofoil development m the 40 s .They became aware: o ^ ^  xi™ estimate that 
50V They saw a fundamental limitation of hydrofoils »^^Sg less than about 40 
cavitafion limits speeds to around 60 knots wnh morepraa«ü *j£*"»»^ iddy 

knots. They sought a -*-*»?«!* 5^Ä^S£L«y tostud"the WIG 
recognized the problem of longitudinal flabdity. ^y °rgjmrzM   ' ^ Navy j^res,. 
vehicle. Tig buUtpowered £*£££££££. ^Ä '^^ 
Then in the penod 1961 to l**™*??™*r ^ „« step was to meet a set of Navy 
of 450 metric *»■*«£**»™£ grefs up to S» tons. In developing the LUN 

additional work to develop open ocean capability. 

Somewhere along in here, GaUingmn presetted the parametric results developed by Un 
Malthan. There wasn't any significant discussion. 

TJ o„;^ +i,at * i*»v trade off on design was between stability 

METS.' SSTÄS'SÄ^^ -« - > - —* 



He suggest concentrating on stnaUer **- defin* to * Jess ^I^S^' 

ekranoplan would not compare favorably to a good aircraft. 

roughly the Wednesday agenda on Tuesday. 

Dr. Chubikov joined the party on the 10th and was introduced to everyone. 

John Reeves went through some technical material. 

notcentral to the concept and issues ^^^ SXr surface craft. It 
How good is to«^^to

d£t
,S. Srcraft operating from developed 

beats aircraft without airfields but not ^^J0^!^ aßaat than modern subsonic 
airfields. ^^J^^^^^^M^M- meOrly weighs 
aircraft like the 'W^^ 400 metric tons or 880,000 pounds. 
150 metric tons or 330^ P^flto mterials Future developments will be lighter. The 
Both of these craft are made of att^CK^^^^ M ^L as the durauminum type 
aluminum and magnesium alloy now used is ^^f™ s^me mtrnal controversy on how 
alloys normally used in aircraft construction^ Th^hwtad^ intern* y      ^ 
to estimate the total weight lifting capacity of any **^***£j™ ^DO ons during the 
designed for a gross ^*«^£^^ Ä* Empty weight 
test program•^^J^^^'B^^^ (Apparenüy, the idea here 
fZT^lT^^^o is oS by the necessity to design for hydrodynamic 

impact loads.) Fomin described the foUowing table. 

Aircraft 
LUN 
lOOOTEkrano 

L/D 
15-17 
25 
30 

V 
800 
500 
500 

V*L/D 
SAME 
SAME 
BETTER 



This comoarison is good for waves up to 1.5 meters high.   Using the TSFC for the mos 
mS££ iSÄ engines only results in about a 10 % improvement. There is potential 
SS^TSy optimizing engine for sea level performance.   Existing engines are 

dSSde ™ere« "^difficulties fa designing ^ grfor *s STÄ contrast, Ekranoplans get better with size. We should be able£d«g. «ft 
wtti eross weights from 2000 to 3000 tons. LUN operates over waves of 1.5 meter height with 
T^LüXZ^cccornp^tooversmoo^^T. A large ekranoplan would have 
abom??rweighfto static thrust rto for takeoff and a 10:1 weight to staue thrust ratio for 
cruise.  (Actual thrust at speed will be less due the thrust lapse with speed.) 

Rutan asked how they handled the big thrust reduction in a design. They suggested that it's 
^^^J'^ro^^^a^^a^. ^Sl^retSftom 
putting some engines is the body where they can be more easily faired and prevented from 
windmilling and producing undesirable drag. 

Rutan asked the source of Fomin's efficiency data. Fomin repjiedtiiatit was from calculations 
and model testing. They had calculated vehicle ranges up to 10000 km. 

Rutan asked what was the longest single flight. Answer was 3000 km. a™'^^^ 
feyhad actually flown that for or if this was the largest estimated range of any craft they has 

build so far. 

Fomin said that a large wingship should cruise at a height of about. 1 to ^5 of to chord of the 
wing. This is about .05 of the span for an aspect ratio of three, which seems typical. 

Savitskv asked why big wigs perform so much better. Fomin's answer was not really clear^ 
Ä*d say 2Z design* to fly 1.5 meters above the tops of the average of the one-third 

highest waves. 

Next Chubikov made a presentation. He said that interest in ekranoplans is growing. He knows 
of 1^ otonations. Chubikov in convinced that there will be accelerating work on 
Ekr^oPla^s fate forTand that they will ultimately become widely used. He thought research 

studies. 

Mike Francis made some comments or had a dialog with Chubikov which I did not record. 

Dan Savitsky made a short presentation on estimates of impact loads ^^^'J^ 
a Log wiih the Russians on wave statistics and the design criteria they used for selecting 

ekranoplan design cruise height. 

Cant Malvshev from Krylov, made a presentation on the customer's view of ekranoplans. In 
Seo'tnefpn^^i^r. on ekranoplans for Adm. Gorskhov. They then decided tc.develop 
eZSÄ the Navy.  Various research institutes carried out research that mdicated the 



polity of Urge efcanopla«.  A ^^^^ffiSK! 

hi that, to Russian definition of W^™^J££ü%hom^ 

of research, design, etc. 

Capt. Ma>yshev went on to give us ft. tat •*"*•£ ha« tardon £*«£*£ 
He'said they had special ^•"SJ^d* JESS«- A major 
not appropriate. They considered °^gM^ ship^o requirement led to the Orlyonuk. 
retirement was that one of *^*5£jS£j^**. featured a front loading 
Paduff was there prunanly for the amphibious cqpataMy-  '£°   s^  It did meet Navy 

warm air making the wake less detectable by IR   ™e? ™^aJ"° ^ ^e is better 

consider to te *f* >^^s * *, complete sub crew.    The sketch show the general 

studies show that one wingship is not enough.  There *^ * f j^8^ ™    designing 

new?). 
,     a.     n       A *«. *n vM«! bv the Navy.   It has been very expensive!   The 

This work has ben financed for 30 7™%** änJLth technologies   More than millions 
ÄS TMTÄÄÄT ÄÄ - conthme, ftey need 
outside cooperation. They have no orders yet. 

Bob Wilson gave a short presentation on the Power Augmented Unding Craft (PAPXAC) 



12 inches. 

A V Ponomarev talked about to ideas for future cooperation aud related that to wtagsbip 
technology. He proposed cooperative efforts in marketing and selling. 

2ÄJ^gl Blowing under the wing tends » move me cemer of P«^ "^£ 

associated with altitude control in ground effect flight. 

cooperative program. 

3MU of development. He encouraged a step by step process. He would use velucles 

of the LUN size for model testing. 

His soecific suggestion was to have the US help them finish testing the existing LUN in a joint 
l^^Zcr^is^äy^i.s^n^ He imagined a jomt testmg program 

followed by a series of models leading to the larger craft. 

However his personal' enthusiasm was for smaller craft that he felt would have more 
S^ISal value. He believes that a five-to-one scale up is -^w^a p^ücal Imnt. That 
would mean that the next large construction could be no larger than 2000 tons. 

on n« 11 we toured the TSAGI facilities at the Joukowski location. Deputy head Monin gave 

and initiated the new site. The host city has a population of about 100,000. 

SÄÄSÄsr r^rmod^th^ 



of up to 15 meters. T-104 is a propulsion wind tunnel. T-106 was there first tramonic wuid 
umnel AU S these were completed prior to the war. T-109 is a supersomc ********* 
^ old   T-128 is a very modern transonic tunnel with automatic porosity adjustment of the 

for S TV117 La hypersonic tunnel capable of Mach numbers to twenty. They *so ^e 

facSor structural teSng including strength, strain, and fatigue. They have and anechoic 
chamber for acoustic fatigue, and solar vacuum facilities. 

One of TSAGFs functions is to test aircraft for the design bureaus. They have capable 
ZuMolto test control systems. They have a vertical wind ^££^£^* 
have hvdrodvnamic test faculties. The reservation is covers about 150 hectares. It includes a 
SnÄrpTant and compressor station. They coordinate with design bureaus on 
atrWnamic features of all designs. TSAGI is the state expert on aucraft. They *sue ah 
cLaraWand certifications of new aircraft. The manpower is about 10 m They «pnttrf 
flight research as a separate topic in the 40's. They are the clearance authority for all the wigs. 

Academician Logvonovich then discussed some of their hydrodynamic work especially relevant 
^r^ney Sve cooperated with the Beriev Design Bureau on both seaplanes and wigs^ 
?vTiSseaSe design grosses 80 metric tons and cruises at 750 km/hr. The take off speed 
ZZutelbZ ITOtaSr which would require testing to 200 km/hr. Wigs have unique 
Sody^rproblemTwim more interrelated effects than seaplanes. They do coordinated 

testing in different facilities. 

Their bie low speed towing tank provides speeds to 16 m/sec. It can be fitted with a wavey 
^ace on I Si to simulate flight acroTwaves. In this kind of testing the^model^wig is 
acSllv under water. It provides high Reynolds number with a small model al.low speed For 
^conventional Lsting they generally Froude scale in this facility. Froude scaling m this 
Z^r^^Too^t „ paLrns or separation. These feaUires are usually■£** 
frTm^cial larger Lie tests. Then corrective flow devices are placed on the smaller models 
to get the correct spray and separation. 

The bisher speed towing tank, which can reach 40 m/sec gets the separation and spray patterns 
Sht^te£ use motor b<>ats and tow models from a long arm extending out to the side. 
R/C models are another technique which they used specifically on the Bartini wigs. 

One of the very practical reasons for wigs to have OGE capability is maneuvering In wings- 
%mlfi& TheOGEcapabdity 
gives them maneuverability and results in a practical overall design. 

Logvonovich said that to have any chance of achieving;^^^^^J^Ä 
7rL dee zero of less than .01 based on wing area. On some large craft they have, experienced 
L^ar0f 40 ton^id they have tried to work out ways to estimate and limit the damage 
cS bv unpacks Tte RWF really helps in this regard, and he showed some fundamental 
SSlS^ effeS of paduff on the" accelerations caused by water impacting the flat lower 



surface of the wing. 

He believes that very large wigs would be practical. They would not be amphibious and would 
require the development of significant infrastructure. 

aether euv (didn't get his name) discussed the aeroservoelastic problem. He said that were 
^Srf ltt££tXeen aU«. seaplanes, and wigs. He worked out the spectal 
requirements for the various unusual vehicle types. 

•mere were some comments on the crashes generally indicating that they were pilot error and 
did not result from technical deficiencies of the craft. 

The WTET had a caucus. Rutan suggested that we gather a niinimal set of data on each of their 
large machines.  Specifically we would ask for: 

1. The mission requirement in terms of range, speed, payload, and sea conditions. 

2. Actual achieved performance. 

3. Maximum flight weight and bollard thrust. 

4. Date of last flight. 

5. Disposition (crashed, worn out, cannibalized, etc.) 

6. Picture 

7. Total planform area. 

8. Empty weight fraction. 

Other items discussed at the caucus included: (1) most ^portant ^esnc^ for fte<**£» 

options, and finding a positive answer by Fluk. 

On «.12 we reconvene in*jF»identH*M. >-*-«.£*£•£*&£ 

SeÄ gTa pre^Tn « .ET £«. »-*• * « <*«<£* 
effect. Shortly after the morning break, Mike Francis and l were cauea üU 
go the Russian White House to meet with the Russian Parliament. 

In the event, we didn't meet the whole parliament but just one member and one of his staff. We 



(or other deputy) is probable a former official (pojawy me nea., 

it. But bis main interest was much broader. 

There is an agreement between to major western ennntries to prohibit «n*"*"*" üttfc mere is an agrecwcu COCOM agreement, or somethmg like mat. 

SfÄtS^S^S"Ä ^ so nnponant8* mem mat toy 
™«y L"eUer who toy mink might be influential^on this matter m to discnss it 
with them. It was a very cordial meeting lasting less than an hour. 

We returned to to meeting after to majority of to presemations from ^fev ^pK ™* 
L^L toy could get better F«^^£ S,^ 
would be happy to cooperate in the design of a wig rf tot swhat me J        fcr 

conventional high lift devices out of ground effect. 

Dr. Vofcov gave a ^.«^^SÄSS ÄHÄS perspective and those discernible from a M> airfoil VW«™*- "e TL  , ^ ü^ line 

^impulsive loads. The air under the wing cushions the impacts. 
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water again and then hit the second time hard enough to break it.  Someone asked whether or 
not a wave impact could have caused the crash. The answer was no. 

The main purpose of the hydroski is to damp overloads during landing. 

On 08-13, Mike Francis, Burt Rutan, and I went to Yakolev faculty in Moscow. There we met 
with several people (cards attached). They are becoming privatized. The company wül be 
Iwuea by a cSination of the employees and the state in a specified ratio. Then^deputycfef 
of deign and marketing in international affairs spoke. They recently hosted NASA and the 
VSM?Z had an interest in the Y-141, a VTOL aircraft. They build the only Russian 
commercial aircraft that is certified for passenger use on international routes It s the Y-40&42 
TTThave sold the Y-K) to Italy and FRG. They are working with d» .^A» 
certification in Canada, UK, and the US. The airworthiness requranents are different The 
product line includes aircraft ranging in size from small sport aircraft to those carrying up to 170 

passengers. 

One of their current design projects is the YAK-UTK trainer. They designed it in response to 
a 1991 Russian Air Force RFP. They competed with the other Russian deign bureaus^ They 
presented their preliminary designs to the Air Force. They were selected for a second phase 
wTth two competitors. A winner may be announced next year. Although the program is nearly 
ZZZZcL of the reduction in military spending in Russia. Yak is looking for western 
partners to keep the design going. They are teamed with Aimarker(?) which ian Itahan 
company with lots of experience in training aircraft. They are building up a prototype with 
appropriate spares for demonstrations in 1994. 

Here is some top level data on the design: 
Span= 11245mm 
Length= 12400mm 
Max (takeoff) Weight=six metric tons 
Fuel Weight= 1760 kg 
Maximum Speed=1000 km/hr at sea level 
Maximum Sustained Normal Acceleration = five gees at five km altitude and M-.6 
Design load factor from -3 to +8 gees 
Maximum Mach=.98 
Thrust of each of the two engines is 2200 kg (sea level staue) 
Thrust to Weight Ratio=.7 
Take Off Speed= 195 km/hr 
Landing Speed - 190 km/hr 
Three Channel Electronic Flight Controls for Each Axis 
Can fly up to 35 deg angle of attack 

They made the point that high alpha training is important. A Russian avionics company makes 
meFCS This trainer is beyond the US JPATS. It's an advanced trainer. They do not tinnk 
supersonic capability is important. They don't think that spins and tau slides are important m 
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without hurting the maneuverability (roll rate?) of the anplane. 

Tne airplane — as ^-^ÄÄ'JÄÄ: 
training flights. They are using our GPS for navigationi ana a j hard 

approach and landing. They can simulate «3*^^^l*p£«e distribution 
points designed into the wings.   They measure angle of attack rrom me p 
around the nose. 

They discussed toe develop»*»« of toe YAK 141 »nent I^J^ff weigS is le 
predecessor) was started to 19SM1.roughly parallel to the Hama_ ™~*fcon^-Iol h 
metric tons. The lift thrust is provided by twc,eng»a«,d 5700kgtorust e«h ^ 
by tip jets. They were «quired to use^^"l^^^d'at gros, weights 

1100km/hr. The possible normal acceleration ranged from -3 to +7 gees. 

The YAK 141 was developed from !980 to 1989. ^»"™ ^faÄ 
sough, a better design. They ~-»JJ* £££ £ME£S£.. The max4um 
defense.  The maximum speed m 1800 m/sec at^«h«0« °^ maximum weight for 
Mach number is 1.8.  The top speed at sea level is 1250 ^ .'«J™*Blt ^ 
vertical take off is 15800 kg, and the maximum wagte for short take off is 195UU Kg 
operate to a radius of 690 km carrying a 2-ron payload. 

To do a program like this they get a block of money and hold out a management reserve. 

The 141 was first deployed only on ships because they had deck surfaces that could stand the 

EL   .Can!. ™ ™VS tor a whÜe' ""' a"y eVM     y 

mey did consider otha arrang^ »jha J^££££££ 2? SS£ 
IÄIMÄÄÄ-YÄ.-*-- Tfreirlifiengineshave 

a trust to weight ratio of 12:1. 

Monday morning at the Central Hydrofoil Design Bureau. 

2-ür,JsassÄ=s.5t,aas'-,sK 
has a long history of technical accomplishment. 

D, Chnbikov said that all of toe wigs were built here. He congratulatod ns on toe status of our 
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delegation and said that his team was similarly well qualified and carefully selected. He 
believed the community needed to develop a new vision of sea transport. He believes that take 
off weights of 2- 3000 tons were technically feasible. He claimed to have several proposals for 
cooperation but was not specific. He said that his agency intended to continue developing 
wingships. He introduced his team. 

Mike Francis described our team as neither hyper critical or advocates. Said that our team 
wanted to give the WIG the best possible chance and that we've come to understand other 
applications. Our study has two parts - technology and missions. WE are scheduled to make 
our report by November. WE intend to begin phase H ASAP. We are looking for areas of 
cooperation. Francis introduce our team. 

Chubikov introduced CHDB work. Alexeyev started the whole thing. Alexeyev is personally 
responsible for Russia's emphasis on hydrofoils and wingships. They have built 30% of the 
worlds hydrofoils. (I learned from other sources that Russia has built more hydrofoil boats than 
any other country.) They have sold hydrofoils to many countries - 35 to Greece alone. They 
built 600 of the Raketa (Rocket) hydrofoils over a period of 30 years. The newer Meteor carries 
120 passengers, and they have built it also for 30 years. All together they have built 1500 
hydrofoil ships. They also have built 6000 (may have this number wrong) smaller hydrofoil 
boats. They gave one to Nixon. They now have three hydrofoils in development. The gas 
turbine powered Cyclone will carry 250 passengers at 45 knots. The diesel powered Olympia 
is to be used on a run from Paris to Stockholm. On its delivery run from the black sea to 
Estonia it operated in 3.5 meter waves without damage. 

They have built two or three air cavity boats. They have both passenger and cargo applications. 

The wig development in involved research from multiple research institutes. The Russian Navy 
got an early report on their progress on wigs, and that's what started their big program. They 
have started work on passenger craft. They have designs which carry from five to eight people, 
designs around 150, and designs around 250 people. They are prepared to cooperate on 
passenger wingships. Large wingships are more efficient. There will be competition with other 
means of transportation on the world market. 

Concerning the development path one can go by gradual stages or by leaps. Alexeyev was right 
to do the 500 ton CSM early. It defined the most important problems early in the program. 
Chubikov believes that the optimum take off weight now would be somewhere between 1000 and 
3000 tons. All their data and foreign studies indicate an optimum in this range. CHDB has had 
good experience up to 500 tons. 

They overcame major problems. They solved the dynamics problem at all speeds. They have 
an adequate approach to propulsion in the marine environment. They have make fully welded 
aircraft like structures. 

Their main aspiration is to raise the efficiency. 
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There are several new problems to be addressed. There should be more research into 
^XXns^d marketing They should build two to four machines in the range five to five 
SrÄ conLe to press for a way to certify the craft mternationally. 

We then made an attempt at a group session of questions and answers. The formatwas all of 
Z g^ysSg question, at the current LUN designer who was supported by Ins staff. The 
LUN designer answered all the questions. 

Gene Covert: 
Q: Were is fuel carried in the LUN? 

IN the wings.   A small amount in the tail. 
Is your welded aluminum as strong as tempered alummum? 
JuHed weldable material so far. Close to having a high strength weldable alloy. 

A 
Q 
A 

Czimmek: 
Q: Do you relieve manufacturing stresses? 
A: No answer. 

Wilson: , .       x „;«.;„„<> 
Q: What are the main design loads; high speed impact or sea sitting/ 
A: High speed landing loads. 

Rutan: 
O- What is the highest speed for landing? w,n,r 
Al Can survive landing aad take off in 3.5 meter waves.  Can touch the water at 450 km/hr. 

Covert: 
Q: What is the maximum landing weight? 
A: 80% of the take off weight. 

Rutan: 
Q: What is the maximum speed for full flaps? 
A: Approximately 350 km/hr 

Reeves: 
Q- What is the limiting Mach number? 
A: The flutter speed in 120 km/hr above 500 km/hr. 
Q- How many engines are in operation in cruise? 
A*: All are on. In an emergency they can cruise on any four engmes. 

Savitsky: . * 
rv r>e«:ribe the individual impacts and take off and landing speeds. 
I S^Ärftheiid^ta^doe.irtd.iveltede^ Subsequent impacts 

do. The hydroski helps. The main structure touches at 270 km/hr. 
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Q: How many gees do you experience on the hydroski? 
A: About two gees. 
Q: What does the hydroski weigh? 
A: No answer. 

Covert: 
Q 
A 
Q 
A 

What is the wing limit load? 
It is designed for seaworthiness. 
Is it designed for strength or fatigue? 
It is designed for both strength and fatigue. 

Gera: 
Q: Does the craft operate at near constant angle of attack? 
A: Yes. Height depends on speed and thrust. 
Q: What are the functions of the auto controls? 
A: None or not recorded. 

Czimmek: 
Q: What are your safety factors? 
A: Use aviation type safety factors that are different for each component. They range from 1.2 
to 2. 

Gera: 
Q: Is it naturally stable? 
A: Yes.  Auto control system provides additional damping of some modes. 

Wilson: 
Q: Is it stable both IGE and OGE? 
A: Yes. 

Rutan: 
Q: Where is the CG? 
A: Won't answer.  CG range is small but adequate.  Major quantity of fuel is located on the 
CG. 

Covert: 
Q: Is it a wet wing? 
A: Yes. 

Covert: 
Q: Are there limber holes? 
A: Yes. 
Q: Any stress corrosion problems in fuel tanks? 
A: No. 
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Fluk: . 
Q: What payload and range did you design lor/ 
A: Classified. 

Gera: 
Q: What was the cause of the last crash? 
A: Pilot error. 

Savitsky: 
Q: To what extent is salt a problem? 
A: Worked with engine specialists to get solutions. 

A: 
How rnanv hours between washes? „*v,ot.c 
yZZ3- « «"ff «W* « "»» **»*». Only one was per year on others. 

Fluk: .      .       o 
O- How many take offs and landings before an engine change/ 
A: Use Service life, not cycles.  They are military engmes.  Use them about 700 to 1000 

hours. 

Reeves: 
Q: Why didn't you use turboprops? 
A: We do use them on some designs. 

Fluke* 
Q: Have you considered a long life commercial aircraft engine? 
A: Now working on this problem. 

Q?VW^at is rate of normal acceleration increase with elevator angle and cruise speed? 
A: Not relevant for ground effect flight. 

Rutan: , . 0 
Q: What is the elevator activity in turbulence and waves/ 
A: Less than 5 deg. # 
Q- What elevator displacement is required for takeott/ 
A: 20 deg each way at different times during take off. 
Q: What is the maximum flap deflection? 
A: 20 deg. 
O: Will the flaps deferentially as ailerons? ^-H™ 
A-. Yes.  And mere is some aileron control left at the maximum flap deflection. 

Francis: . 
Q: Has the LUN been flight tested at altitude? 
A: Not yet. We're working on it. 
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Camp: 
Q: What is the longest flight? 
A: 2000 km in about 4 hours. 

Q^Eariier craft had a vertical fin apparently to generate lateral forces for turning. Why did you 

delete it? 
A: It was inefficient. 

Fluk: 
Q: What is the ferry range? 
A: Don't know. 

Rutan: 
Q: What is the turning radius? 
A: No answer. 

On tuesday we took a hydrofoil boat to the test site near Chkalovsk. The trip took about two 
hours. Individual conversations during the trip yielded a fey nuggets of information. 

Dan Savitsky learned that they use a gee load of 3.5 gees plus a safety factor of 1.8! tt»yield. 
(Len Malthan should use a similar factor in his parametrics.) Hydroski weight is typically 4-6% 

of gross weight. 

Eric Lister had a good interaction with their propulsion specialist and got most of the 
information he needs. 

That evening (Tuesday) we had a WTET caucus at the hotel. The general perception was that 
we weren't getting some of the information we needed to understand the Russian technology and 
get it into our report. We decided that the main problem was that the Russians that had the 
^formation we sought were not getting much of an opportunity to speak. Therefore, we decided 
to force the next session to be in smaller groups organized into topical areas where we needed 
the most help. The topical areas turned out to be: (l)missions and applications; (2) flight test 
(3) structures, seaworthiness, and materials; and (4) design. Mike conversed our request 
forcefully to RAS and they said that they would see what they could do. 

The next day's meeting (Wednesday) started with a presentations by Sakalov who is the designer 
of the Orlonuk. He described the Russian history in ekranoplan development as three phase 
program The initial goal was to beat the performance of hydrofoils. They saw an absolute 
Lit on the speed of hydrofoils at about 60 knots due to cavitation. Since: this was only 
marginally abovetiie speeds they had already achieved, a new technical approach was required. 

IN the 60's there were theoretical and technical studies. There were tests and some experiments 
ranging from 1.5 to 2 tons. They tried to learn the appropriate scaling rules and how to achieve 
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stability near the surface. 

He presented a chart showing volume Froude number on the above axis and power required per 
unit weight on the vertical axis. Moving from the lower left to the upper right are three areas. 
First is air cushion craft. In the middle are Volga U type craft. At the upper right corner is the 
Strichz type or Ekranoplan. 

The Ekranoplan has evolved to a configuration that uses paduff to take off and a hydroski for 
landing. The amount of blowing and the relative size of the hydroski is specialized for each 
craft. 

Sakalov gave a brief history of the developments leading up the CSM. He has been continuously 
in the business for thirty years - since getting out of University. 
1961 CM1     2.3 ton 
1962 CM2     3.2 ton 
1963 CM277 6.3 ton 
1962 CM3     3.4 ton 
1964 CM4     4.8 ton 
1964 CM5 7.37 ton 
1965 CM8 8.1 ton 
1967 VT1 0.7 ton 
1966 CSM 500 ton 

Sakalov then gave a description of their wingship design process separated into structures, 
layout, controls and instruments and his vision for future designs. 

On structures they initially used TSAGI data and recommendations. From that they developed 
the strength requirements. They tested elastic models (both Froude and Reynolds) to get 
requirements. They correlated data with the CSM. Considered both dynamic loads and fatigue. 

Their sequence in design is to: (1) chose the layout; (2) find the optimum wing loading 
(apparently based on a speed requirement and a knowledge of the lift coefficient for good 
stability IGE) and; (3) find the stability foci as a function of height, angle of attack, aspect ratio, 
and end plate depth. 

They have had some problems with automatic controls. All wingships have static and dynamic 
stability. The Volga Ü stays in strong ground effect and is naturally stable. The Strichz is more 
maneuverable and is stable both IGE and OGE. Only the LUN and Orlyonuk have damping and 
stabilization. 

They nave had to make some accommodations to operate in the sea environment that detracted 
from performance. They use an aluminum and magnesium alloy which has about 2/3 the 
strength of high strength aluminum alloys. In future designs they would propose to use new 
alloys of their own or use US alloys.      Examples are Lithium and Scandium alloys of 
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Aluminum. They used aviation engines modified for the marine environment. They would 
expect some improvement in engine performance with an on-purpose design. They believe that 
to achieve adequate safety in flight control that they need a robust height measurement. 

So far, they have been designing only for military requirements. They are now trying to meet 
requirements for civil operation. They want to improve the max L/D. It's now 25 and they 
seek 30. The hydroski now has an L/D of 5 to 7 and they would like to go higher. They 
recognize the need to get the empty weight down. 

Sokalov described three size ranges of ekranoplans. All require a static thrust to weight ratio 
of about .25. Up to 500 tons he believes the airplane configuration is best. Around 1000 tons, 
he believes the flying wing configuration is best. The originally had design concepts from 1000 
tons to 5000 tons that would be nuclear powered. Now this last design concept has evolved to 
the chemically powered craft in the 300 ton range. 

They now believe that the practical limit for the number of engines is 10. Since new engines 
are rated at about 40 tons they see a 2000 ton limit based on engine technology alone. 
However, Sakalov felt that was too large a jump from the present 350 ton size and recommended 
a 800 ton design as the next logical step. He thought all applications studies from now on must 
be dual purpose. 

They said they could answer practically all our questions and that they would do that in stages. 

Sakalov seemed to like the idea of designing craft to meet a requirement as opposed to just 
making something and seeing what it does. 

The 800 ton machine would be a flying wing or a multiple wing configuration. The high L/D 
they sought (I took this to be 25 or 30) would be for smooth water only. In sea state 4 or 5 
(3.5 meter waves) this would degrade to 20 or 25. 

Dr Dimitov reviewed the efforts they had made on the development of automatic controls. In 
1964 they built the two-person ANT 25 which cruised at 130 to 140 km/hr. They made 42 
flights in it. He personally flew it with Alexeyev. 

In 1967 they flew the CSU which had instruments to guide the pilot but (to my understanding) 
no automatic control system. In 1974 they flew the Orlyonuk which has a flight control system. 
In 1986 they flew the LUN which has a newer version flight control system. There have been 
a total of 1500 hours of trouble free operation of the Orlyonuk and LUN flight control systems. 

The first considered the autopilot as just an add-on. Its specific purpose was to reduce the 
pressure on the pilot during night operations. They did not manage to build a large ekranoplan 
that had satisfactory natural stability. They decided that they must have automatic flight 
controls. 
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They divide the problem into several general areas. The system must damp the system about 
all three rotational axes. It must establish the proper trim condition for each speed of flight. 
It must assure speed stability. 

IN the cockpit, the system must provide appropriate angle limit warnings to the pilot. It must 
provide means for the pilot to trim the controls. It must provide for control of the engmes and 
provide appropriate switchology and fault detection. 

They achieve reliability by hardware redundancy, equipment redundancy, signal mixing and 
selection, and appropriate rate and displacement limits. They use equipment from the aviation 

design bureaus. 

Special control system problems peculiar to ekranoplans are: (1) wave height measurement; (2) 
navigation; (4) demanding angular rate limits; and (5) control surface overloads.   They mus 
stabilize pitch angle within a very narrow angular range.    Typical aircraft type control 
requirements are not appropriate. 

Course turning is unique. It requires the operation of all controls and combines sideslip and 
bank The rule is to maintain the clearance at the inside wingtip. Therefore the pilot must know 
what this clearance is. First they did it with a rear view mirror. Later they used direct 
measurements of the tip clearance. 

The CHDB intends to use this institute for all future designs. They have had no accidents 
attributed to the FCS. The systems were delivered on time. There have been no flight test 
holds attributed to FCS. The systems provided effective damping and improved stability. The 
systems made it possible to stabilize the craft at otherwise unstable parts of the envelop to 
achieve better L/D. 

Among new things they would do on the next FCS are: (1) control large scale vertical 
maneuvers; (2) automate the take off and landing runs; and (3) optimally allocate functions 
between manual and automatic. 

He made the point that flight control work should start early in the design process. He also 
mentioned that they used a simulator in their FCS development work -- although no on the 
WTET saw it. 

That ended the formal presentations for a while. We then broke up into the small groups we 
defined the previous evening. I joined the design group which included amencans John Reeves 
and Hal Fluk and Russians Sokalov, Sidirov, and Ruston Bagishev. 

John Reeves began by noting that different design groups in Russia seem to favor different 
configurations. Irkutsk is associated with the flying wing. Tagnarog (specifically Barüni) was 
associated with a combined planform with high aspect ratio and low aspect ratio parts. 
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In response, Sakalov noted that they settled on the low aspect ratio aircraft type configuration 
at least partly to get good behavior over waves. For example, they made extensive studies of 
the tandem wing configurations and found that they were too closely coupled to the surface in 
pitch. This coupling caused a number of accidents and crashes. They concluded that the 
tandem configurations were only useful in a very narrow altitude range. 

However, Sakolov believes that at very large sizes the airplane configuration becomes less 
desirable. At 800 tons he believes the craft should be a spanloader or flying wing. He 
definitely wants a tailess version over 600 tons. The reduced tail area will help the L/D a lot. 
He believes that careful shaping of the wing will result in adequate stability. He agrees that the 
hydrodynamic features such as steps and spray strips are major drag producers but didn't make 
any specific suggestions on how to reduce this drag. 

Roger then discussed the typical western systems engineering approach of first developing 
requirements and then designing to them and asked Sakolov what items should be included in 
a top level set of requirements. The minimum list came out to be: (1) payload description; (2) 
range; (3) height of waves; (4) loading and unloading infrastructure; (5) take off and landing 
distances; (6) gust conditions; and (7) basing. We then asked him to fill in this table for the 
existing craft and for what he thought he could design in the future. 

REQUIREMENT 
Payload 
Range (km) 
Wave Height (m) 
Loading 
Turn Rad (km) 
TO Dist/Time 
Basing 
Cruise (km/hr) 
TOGW (mtrc tns) 

EXISTING TECHNOLOGY NEW TECHNOLOGY 
80 ton 
2000 
3 
Dock 
4 
1.5m/3.5km 
Optional 
400 
350 

80 ton 
2000 
3 
Dock 
3.5 
90s/3.5km 
Opt. 
400 
250-280 

150 ton 
5000 
3.5 
Dock 
5 
2m/5km 
Sea 
450-500 
800 

500 ton 
12000 
4.5-5 
Dock 
10 
5km 
Sea 
600 
2000 

Human factors are very important above 450 km/hr. Similar on all vehicles. Must get the pilot 
high! 

Sakalov said they had several problems they had to work on to make better craft. He thought 
the L/D and the speeds they could achieve would be economically attractive. They need better 
engines with lower fuel consumption. The empty weight fractions must get better. They must 
keep the cost lower than an aircraft that can perform the same mission. 

They can safely clip the tops of the waves in sea states three to four. (He could have meant 
wave heights in meters.) They use full elevator control for takeoff and landing. They limit 
available elevator travel in cruise. Pilots must be trained for ekranoplan operation. He believes 
that a flying wing design could be all near the surface - that is, it may not require an OGE part 
to stabilize it. 
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Concerning de-icing, he said that the inlet Ups were hot, the leading edge of the wing is taken 
c^ ofX the 2ff, and the rest of the craft requires a dedicated deicrng system IDitag 
Z£ ftW be most practical to use a Diesel engine for low speed maneuvering. Such an 
engine could use the same fuel type as the turbine engmes. 

Existing wingship designs did not incorporate all advantages. The *«***?^ £** 
^cal requkements and did not emphasized either efficiency or cost. There were always 
™mr*titiTwta*e aircraft community approach to designing to the same requirements. There 
S£S3E£^ rfS competition. They could find quite a bit of aircraft type equipmer* 
SS^SW for wingship applications. Additionally, since the wingship environments 
we^e m^ome Ws! less demanding than aircraft requirements, they could find some non- 
aviation equipment that they could qualify. 

We took the train back to Moscow on Wednesday evening. 

On Thursday a small group of us visited the TSAGI location in Moscow Our objectives were 
2S^S5d^«i,M»l«. Ijoinedthehydrodynaimc group. Mike 

joined the simulator group. 

TSAGI/Moscow has 850 people in four major departments.    They are: (1) low speed 
a^rXn^cs T2) aviation acoustics; (3) hydrodynamics; and (4) scientific information services 
T^elcSc'mformation services department services the whole aviation industry - not just 

TSAGI. 

Thev do research on ekraloplans as a class as opposed to the facility at NN which models 
Sccmft They strive for static and dynamic stability and make recommendations to the 
SL which they can accept or reject. They only make recommendations for fhgh 
Sures WE They are the clearance authority for OGE flight. They clear every flight of 
Se Orivonukand LUN. They believe that a 1200 ton design could achieve the same efficiency 
*aSZ^c: aircraft but not much more. It would have to be loaded and fueled a docks. 
?ÄStaCommercial operations. Here are some estimated technical characteristics: 

Flying Height = 5 meters 
Payload = 400 tons 
Range = 6000 km 
L/D = 26-30 
W/S = 600 kg/m^ 

Before 1990 there was shipbuilder and aviation activity in the program. When they^started 
contemplating GOT ferry flights weather avoidance, the Navy realized that is was essentially an 
aircraft an had to be handled that way. 

Our tour included two wind tunnels and one towing tank. 
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They also do most of the model testing for seaplanes. In fact, they have been doing seaplanes 
for longer than they have been doing wigs. Wingships have some peculiarities. For example, 
they can almost completely model seaplanes by adding aerodynamic, hydrodynamic, and 
propulsion forces. They have not been able to made a similar model for wigs because of the 
strong interactions of these effects. The paduff complicates the situation a lot. Also, the wigs 
tend to have many complicated and interacting hydrodynamic features. 

A seaplane hull has a maximum L/D (at its worst speed) of about four to five. The 
corresponding value for a wig with paduff is about six to seven. The flaps blow back under 
hydrodynamic loads in all their large designs. 

They have found that, if the beam of the model hull is greater than 300mm, Reynolds effects 
are negligible for Froude scaled models. 
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Information on Issues Related to Structures 

and Other Subjects Obtained During Visit in Russia 

FROM: Dieter W. Czimmek, NNS 

TO:        Wingship Technical Evaluation Team (WTET) 

The following information, which may be of interest to other members of the WTET, 
was gathered from Russian presentations, group discussions, person-to-person conversations, and 
observations during the tour of the "LUN" wingship. Also, I would appreciate any corrections 
from the WTET in the event that I have misunderstood some of the information. 

1.        information Related to Structures: 

The basic structural design philosophy for the Russian wingships apparently evolved from 
the technology of hydrofoil boat design rather than from the aircraft design technology. 

The strength calculations of the Russian wingships are based on the full take-off weight, 
and no reduction is made for burned fuel after take-off (Fomin, CHDB). On questions 
concerning the maximum design conditions, Fomin stated to me that for the wings and 
fuselage the landing mode is-giving the highest governing loads. For the wings the 
extreme loading case is when the vehicle is slightly rolling while landing and the 
endplates impacting the water surface. Fomin also said that they measured maximum 
impact pressures of 15 kg/cm2 (213 psi) during landing on fuselage plate panels of the 
LUN. 

On my question to Dr. Sokoliansky (TSAGI) on take-off and landing speeds, he quoted 
370 km/hr (200 kn) for the ORLAN and LUN. This agrees fairly good with the 360 
km/hr (194.4 kn) quoted during the open questioning period at the CHDB on August 17, 
1993 for the LUN maximum landing speed with the wing flaps down. At the same 
time,' a maximum possible landing speed of 470 km/hr (253 8 ^**^K™ 
with flaps up was quoted for the LUN. The waterborne speed of 270 km/hr (145.8 kn) 
was used for designing the vehicle structure according to CHDB, using a factor of safety 
of 1.8 for impact type loads. 

A factor of safety between 1.2-2.0 is used for wings and fuselage structures depending 
on the loading condition and structural location. This agrees fairly good with the 
Compendium. For in-flight loads they apparently use a factor of safety of 1.5 accordmg 
to the Compendium. CHDB also claims that they design for strength and fatigue. But 
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on questions on this subject, they would not give any number of cycles related to S-N 
curves of their basic materials for particular structural components. Flutter was a design 
consideration according to CHDB. 

During the open discussion on August 17, 1993, it was confirmed that the take-off and 
landing modes provide the governing design loads for the wings and fuselage. Seasitting 
for higher sea states was not established as a design condition by CHDB. 

Regarding my question on stress corrosion precautions, CHDB replied that they take 
stress corrosion into account during their design. Although, they do not worry about 
carrying fuel on bare aluminum, a question G. Covert brought up. Fuel is carried in the 
wings only and no correction of the C.G. is being made as fuel is burned. Apparently, 
the fuel C.G. is close to the vehicle C.G. that it does not make much difference. 

The wings are provided with a through-structure in way of the fuselage which was 
confirmed by my observations of a bolted connection along the circumference of the 
wing-fuselage interface. This was also confirmed again by Narizin during the group 
session of August 18, 1993. 

The exterior wing and fuselage structure is welded throughout, except for fairing plates 
and the cockpit structure which are screwed and riveted. This is either due to the use 
of high-strength aluminum or the skin plating became too thin for welding. The same 
was noticed for all interior transverse bulkheads which were all riveted and screwed. 
One reason for the interior structures being designed to aircraft practice was most likely 
to reduce structural weight, "since it is more protected from the corrosive outside 
environment and high-strength aluminum could be used. The other reason, again, could 
be that the plating became too thin for welding. 

Weld reinforcements on wing and fuselage welded seams and butts were left intact and 
were only ground smooth. All welds seemed of good quality and are being inspected by 
X-ray and ultrasonic methods according to Narizin. 

On a question to a fabrication manager if wing and fuselage panels have to be 
straightened after welding, the answer was positive. But how it was done was considered 
proprietary information by him. In several locations, I noticed doubler or insert plates 
protruding over the regular fuselage skin surface. Those could be in way of highly 
stressed locations (there were no openings). The inside of the cockpit was lined with 
fiberglass panels between the stringer and ring frame flanges to reduce outside noise from 
the engines. 

With respect to anti-corrosion measures on LUN, the following was observed. The 
outside fuselage showed several areas of paint which seems to be anti-corrosion zinc- 
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chromate paint. AH outside surfaces will be coated according to CHDB In addition, 
Sveral bolted-on sacrificial zinc anodes were installed at the aft end of the underwater 
fuselage (my assumption). 

During the group session of August 18, I addressed the question of structural[weight 
SnstoNarizinofCHDB. He provided the Mowing information. The structural 
Sr^ction for the LUN is 0.34 on a normal GTOW of 35tons, yielding a 
SraTweight of 119 tons. The structural weight fraction for the ORLAN is also 0 34 
Ta nolal GTOW of 125 tons, yielding a stnictural weight of 42^5ton,Nanzin abo 
quoted an empty to gross weight ratio of 0.50 for the LUN and tiie ORLAN The 
structural weight fraction for the Caspian Sea Monster is higher than 0.34, but th s is due 
ra"Scial equipment which was carried on the C.S.M. ™<^c^^ 
actions fo^e STRIZH and VOLGA H are between 0.28 and 0^32 adding to 
Nfcrizin If all of the above figures are correct, the structural weigh fraction of an 
"oing wingship could b/around 0.35 which would make the wingship concept 

more feasible. 

2.       information Plated to Other Subjects: 

During the Russian presentations on August 18 by CHDB, I addressed Mr. Sokolov on 
Se mLimum size of wingships they would feel confident withi»*^»*££ 
now based on their present technology. The answer was 800 tons TOGW. Sokolov 
Stimmer wing'sMp concepts beside, 
increasing vehicle sizes.   They have performed tests for a 1,000 ton TOGW second 

* g^SnveScle (the TSAGItowing tank suggested that a 1^00 ton vehicle would be 
fSe°  Sokolov added that third generation vehicles could possibly go up to 5,000 
tons TOGW for which nuclear power could be considered as well. 

On my request for clarification of the purpose of the hydroski on wingships,-Mr.Sokolov 
explainedthat the hydroski is only required for landing in waves, not in calm water and 
not for take-off as it was suggested by others. 

Durine the visit to the TSAGI model towing tank facility on August 19, the foUowing 
££^l»i AccordmgtoProfessorLogvmovich^fAGItowmg^nk 
has done testing for the ORLAN and LUN in the take-off and landing mod«iin the tank 
Z on th^MOSCWA river using a speed boat as me towing carnage. To measure 
imoact pressures, they also used a ramp from which the model was launched. Also, 
ES (Smed mat they have tested the model in the cruising mode hitting wave 
c^TTw^s not too impressed with their facilities and would have reservations about 
the quality of their results, especially related to tests in waves. 

AHPA Proprietary 



APPA Proprietary 

During the discussions with Dr. Sokoliansky and Mr. Makienko at the towing tank tihe 
question of avoiding extremely large waves (rogue waves) during cruise in g/ound-effect 
?urtri. AppaLly, they have studied the problem of flying over obstacles witii 
TisTpwer only and Mr. Makienko provided me with some information on this subject 

(see attached figure). 
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NOTES FROM RUSSIA VISIT 
BOB WILSON 

Th* FKRONOPLAN was designed for open ocean operation and research was conducted for it 
ohveS?StobS3 had been built for local regions. No long range operations are 

thinking about it. They are not currently interested in large EKRONOPLANs tor transport. 

. Several countries have expressed interest in purchasing EKRONOPLANs but the WTET is the 
first delegation dealing with research. 

• The EKRONOPLAN is built by the Navy and used by the Air Force. 

Ä£Ä?7ton prototypes. With Navy support, they-proceeded to develop 
m SiTto" prototype was built between 1961-66 and flew in 1966, achieving speeds of 
500 km/hr. It operated with a payload of 40 tons. 

. Future, larger Wingships should be configured closer to a flying wing with no fuselage for better 
performance. It would use air ejectors and ventilators. 

. With underwing blowing (PAR), structural loads are reduced. 

. Russian EKRONOPLANs have aerodynamic and economic characteristics similar to large 
airplanes. 

. Future Wingships should consider a multi-component wing where it has a higher aspect ratio and 
the section closer to the root gets most of the blowing. 

. For underwingpressures greater than 500 kg/m*, ahighly directed jet stream is needed to 
pSSa$alotof^^ ^^ * 
know whether a pressure of 1500 kg/m* is possible. 



. Accidents have resulted from high pitch angles and wing stall during take-off. When they 
stalled, they fell. 

. Mr. Volkov noted that the Wingship is a bad aircraft and should be operated as a boat. 

.Wmdmrmel tests are conducted*^ 
its image; with a mobile screen. The best results were with the mobile screen. 

. The hydro people from Krylov would like to see the Wingship keep to a speed of nominally 350 
km/hr. 

. ORLAN has a flying weight of 140 ton and LUN flies at 400 ton. 

. When KM was developed, the average age of CHDB's engineers was 25-26. 

. Alexeyev was the key player in the development of KM and kept the funds coming in. 

use by the Russian shipbuilding community. 

. The design loads come from maximum weights and conditions during take-off. 

. The weight of KM was increased from 430 ton to 500 ton. 

. The Russians use existing aircraft engines which have ^^^ÄJgJSSS 
specifically designed for Wingship operating conditions with lower sfc s in these low altitude 
conditions. 

?WWe?gS -= 0?1atcruisebut this is higher than reported LifVDrag ratios of 15-17. 

. They reported design studies for 1000 ton Wingships with I/D of 30+ and a range of 10,000 
km. This 1/D is achieved at a h/c of 0.1. 

. They would consider using titanium for Wingships up to 1500 ton and are interested in 
composite technology combined with titanium. 



. Mr. Chubikov noted that they want to have the Wingship accepted internationally and certified as 
a flying ship, not an airplane. 

. Tte Research Shipbuilding Institute (RSI) of the Ministry of Defence developed requirements for 
Attack and Cargo transport missions. 

. Control by the RSI over R&D was established. 

equipment systems already in their inventory. . 

. ORIAN is amphibious and is to take people, ammunition and equipment on to the beach. 

. LUN is a waterbome platform with an established life cycle based on ship experience. 

rolling motion. 

. Moving the Wingship from one theater of operations to another as well as the need for targeting 
will require (he ability to fly at altitude for some length ot tune. 

. The Russians look at the EKRONOPLAN as a low observable platform operating in wave 
clutter Spray effects create a heat shield for reducing engine IR signatures. 

. TTiey accumulated vast experience with the EKRONOPLAN and ASW, using acoustic and non- 
acoustic equipment. 

UAV „irrMlf1v «see it as the best submarine rescue craft, carrying up to 150 wounded or 500 

characteristics man a seaplane. 

. Tliey have conducted tests for taking on people in rubber boats in SS-4. 

. They equated the 30 year development of the EKRONOPLAN to the cast of their stealth program 

development. 



. ORLAN was a pilot program including the land basing. They built 5 and no more due to lack of 
funds. 

Designers/Constructors at CHDB pick what they want to use. 

• TheynotedtheirworkontheeOOtonhovercraftandthe lOOOtonSES. They wanted to beat 

everything that the U.S. did. 

. LUN is 80% complete but it would take a year to have it ready for operations. 

• They stated that a 1000 ton wingship should be the next step. 

. TsAGI said that it makes recommendations regarding the EKRONOPLAN's aerodynamic 
configuration and gives clearances for first flights. 

. The A-40 Albatross has a take-off weight of 80 tons, flies at 750 km/hr and takes off at 200 
km/hr. 

. Spray problems are similar between seaplanes and EKRONOPLANS. 

models. 

. TsAGI believes that the current EKRONOPLAN is not a safe design to fly out of ground effect 

• Profile drag reductions can come from a flying wing. 

. In high seas, they like to fly nominally 3.5 m above the crest of the average waves. 

. TsAGI believes that ORLAN is unstable out of ground effect. CHDB does not concur. 

. A 1200 ton design would have 80 tons of thrust for IGE flight and 350 tons for PAR. 

. TsAGI believes that it will be very difficult to get UD - 18+ flying over waves. 



. Design wave height is determined by limiting the local hydrodynamic impact load to 4 g's. 

. Recommendations from Dr. Rozhdestvenky's theoretical analysis: design for grand1 effect if 
you wSigh UD; have low to medium aspect ratio for maneuvering and docking: design for 
large waves in the ocean at lower L/D's; have automatic controls. 

. The strength of the cushion under the wing reduces landing impact loads. 

• ORLAN fell at a 10 deg angle in their most recent accident. 

. The hydroski was usedto reduce landing loads and increase drag - to reduce loads in high seas. 

. Experience with ORLAN and A-40 seaplane show that maintenance is much easier if done on 
land vs LUN in the water or on a floating dock. 

. Beriev Design Bureau has a Wingship concept, ^P^J^°> 300-350ton ÄJ^g^£. 
TfiF is 40-50 sec then climbs to altitude and has a max L/D of 20-22. They teel that is ^as a water 
^Xt^oZTcomvctmvc with a Boeing 767. Loading and unloading is an issue. 

. Beriev notes the need for automatic stabilization for low speed low flying heights. They fly their 
magnetic ASW gear at 50 m and personnel are fatigued after 3-4 hours. 

. A real world concern regarding seaplane operations is floating debris. They remove floating 
objects in test areas after storms, prior to first flights. 

. Beriev DB noted that civil aviation requires absolute safety. They stated »hat the EKRONOPLAN 
has flap safety problems due to wave strikes which can affect flight safety. 

. The CHDB has looked at a 3000 ton Wingship. They believe that it is feasible, possible and 

. Problems were discovered on KM that forced them to go back to smaller craft. 

. Chubikov's plan is to: Do Market Research to find where the demand/need is; Build 2-4 
platforms getting to 5000 tons; Certify the Wingship at the international level. 

. Design loads are due to acceleration in take-off and impacts. Sea sitting is not a design driver. 



. The landing load is the design load for the hydroski. 

. The LUN can take off and land in 2.5 m waves. 

. It is acceptable to touch (Kiss) the waves at 450-550 km/hr. 

. The landing weight is nominally 80% of its take-off weight 

. The structure is designed for both strength and fatigue. 

. A factor of safety between 1.2 and 2.0 is used depending on the component. 

. CHDB states that the EKRONOPLAN is stable IGE and OGE. 

. The range of LOG travel is small but acceptable. 

• Engines are washed every 1-2 years. Take-off and landing generates the most spray ingestion. 

. Flaps are down 20 degrees during take-off. 

. Engines are kept running or shut down during cruise, depending on which is most fuel-drag 
efficient 

• They have only flown OGE for a few minutes and it was a ramp up and down. 

. An auto-pilot is used continuously with little or no crew fatigue. 

. Blowing under the wing while taxiing reduces drag, reduces loads, and improves seaworthiness. 

. Sokolov noted that the hydroski is useri during take-off- at lowerangles of attack than when 

landing. 

. Model tearing includes: wing tunnel tests *S;jS^Ä'S5'.'S use 

ofÄeÄÄ^^ 
models. 



. Sokolov stated that they have adequate static and dynamic stability. 

. The flying height above the surface is measured by two methods. 

. All requirements to date have been from the military but they hope for commercial clients and 

standards soon. 

. Sokolov noted that (hey «can" achieve I/D of 25 now flying very close to the surface and hope to 
achieve 30 in the future. 

. The current I/D or W/T in the PAR mode is 5-7 which they hope to raise to 7-9. 

• CHDB has designed an 800-1000 ton Wingship which they have tested on a self-propelled 
model. They have data on a flying wing now under development. 

. Fora 1000-5000 ton Wingship, they P'^™ 
chemical fuel. Their 3000 ton design uses T/W of 0.25 and uses IU engines wi 
per engine. 

be). 

. High lift to drag ratios are in calm water. Hying above waves at 3.5m, «he VD «due« by 4-5 

points. 

. For higher I/D, need higher lift coefficients and lower induced drag achieved by higher aspect 

ratio. 

. Hying height is measured relative to the trailing edge of the flap, not the wing end plate. 

. There is equipment and functional redundancy in the control system. 

. The EKRONOPLAN is very INOBEDIENT to elevation, rudder and ailerons while flying close 
to the ground. It is normal in OGE. 



. During turns at cruise speeds, all channels of the control system are operating to ensure that the 
clearance height doesn't decrease. 

. No accidents were due to the flight control system. 

• All systems are currently analog. 

. CHDB has a training simulator in Nizhny Novgorod but they do not have waves in the simulator. 
Vertical motions are calculated but not replicated in the simulator. 

. While flying in an EKRONOPLAN, there is nb motion other than during take-off and landing. 

. During take-off, you clear the water at about half take-off speed or about 190 km/hr. 

. The hydroski is lowered about 0.4 m during take-off in waves. It is max down (1.5 m) when 
landing in waves. 

. They like to keep a flying height of 0.1 h/c above the top of the waves. 

. If (he pilot must fly high, he will - at the height that he feels most comfortable with. 

. The equations in the compendium for flying height are about correct. 

• The flight path angle at landing is about 0.5 deg. 

. During landing, the hydroski touches at about 270 km/hr. 

. Flight test experience of end plates or the fuselage hitting a wave during IGE flight has produced 
only 0.2 g. 

. They have experienced local impact pressures of 20 atm (or 300 psi). 

. Wing thickness in areas nonadjacent to the fuel tank is 5-6 mm (0.22 in). 



• The hydroski is 2/3 width of the fuselage. 

. The structural weight fraction of LUN and ORLAN is 34% of their normal take-off weights of 
350 ton and 125 ton, respectively. 

. LUN and ORLAN have a 50% empty weight fraction. 

. For future improvements, they need stronger, weldable materials. Titanium can be used up to a 
1500 ton Wingship. 

. A different fuselage lay out will also reduce structural weight. Improvements of 2-3% can be 
hoped for. 

. CHDB has considered composites but only for small EKRONOPLANs. 

. Since EKRONOPLANs have crashed and broken up, CHDB is worried about reducing structural 
weight significantly. 

. On a big Wingship, they look at composites for components - since they have little experience 
and no money to do the development. 

• Thedcsignofa 1000 ton Wingship would take about 1J years with delivery in 4-5 years from 
go. A big problem is the Russian infrastructure, and delivery of parts, etc. 

. The structural experts said that they don't need data from LUN - just send money. 

. They are considering a flying wing or a compound wing for the next generation Wingship. 

. What future efforts: navigation equipment, digital flight control system, engines designed for 
^^S^SM sfch as cashes, tests on US. hydrodynamic towmg carnages, 
possible improved panel pressure measurements on LUN. 

• TsAGIs results are recommendations to the CHDB. 

. TsAGI provides flight clearance for intermediate altitudes. They have previously issued 
clearances for IGE and OGE. 



. Krylov has the say when the EKRONOPLAN is in contact with the water. 

. TsAGIs 1200 ton design would be totally different than LUN. It would fly at 5 m have a wing 
loIdiS of 60C) Sgm 032 lb/sq ft), range of 6000 km, 580 km/hr cruise speed and an UD of 26- 
30 at 5 m. 

. Prior to 1990 the Navy was the customer for the EKRONOPLAN and Krylov was the_chief 
£^™üfib& Now (according to TsAGI) the Krylov does ships and TsAGI does 
aircraft based on the water. 

. InTsAGIs opinion, all technologies are of equal importance relative *^.*™*°g™?- 
They did highlight the need for marinized engines capable of producing 43-47 tons of thrust. 

. In TsAGIs opinion, take-off and landing is the toughest part of the EKRONOPLANs operational 
envelope. 

• The preferred take-off is in head winds and a head sea. 

. Spray and spray/jet generated flow problems do not scale model to prototype and often, must be 
fixed on the full scale hardware. 

. We heard no consistent point of view regarding steps on the hull and end plates. They use 
several steps which are smaller than those on seaplanes. 
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Trip Report 

WINGSHIP TECHNICAL EVALUATION TEAM (WTET) 

Visit to 

Moscow and Nizhny Novgorod, Russia 

August 8 - August 21, 1993 

FROM: Dr. Daniel Savitsky 

Stevens Institute of Technology 

The objective of this visit was to visit with Russian experts to review 

the status of technology related to Ekranoplanes (Wingships) and to discuss 

possible application of the concept. Fourteen of the 16 »embers of the WTET 

made the trip - Messrs Hooker and Maltha« did not attend. Lt. Col. Mike 

Francis was leader of the team and Dr. Roger Callington was his technical 

advisor. Messrs Jorge Lange and Anatoliy Shistukin of Russian American 

Science, Inc. provided the necessary liaison with the Russians. 

Meetings were held with representatives of the Russian Navy;. Krylov 

Shipbuilding Research Institute; St. Petersburg State university of Ocean 

Technology; Central Aero-Hydrodynamics Institute (TsAGI); Central Hydrofoil 

Design Bureau (CHDB); Beriev Aviation Scientific and Engineering Complex; 

and Central Scientific Research Institute (St. Petersberg).   The meetings 

took place at the Ministry of Defense (Moscow); conference rooms in the 

President Hotel (Moscow); CHDB (Nizhny-Novgorod); TsAGI (Zhukovsky); Kremlin 

(Nizhny); and TsAGI ^Moscow). The team arrived at the President Hotel on 

Sunday, August 8, 1993. The following is a summary of the presentations at 

the various meetings: 

.j..-,~~,;,-o f^ocral & Ofpan Enpineering 



2. ^..piiit: 9(AM)  f«tH«trv of Defense. Mpscow 

Vice Admiral V.A. Polyanskiy, Director of Naval Shipbuilding, welcomed 

the WTET. He stated that there was a new atmosphere in the Russian Navy. 

Rather than being secretive and distrustful of the united States, the 

Russians are now looking to cooperate with us and to supply expert, to 

openly discuss some of their technologies. He is anxious to develop a 

cooperative program with the U.S. to further develop the Wingship concept. 

He repeatedly cautioned us to treat the discussions in a confidential manner 

- I believe he meant that the content of our discussions were not to become 

public information. 

The Admiral noted that Russia has 30 years of experience in developing 

Wingships and praised the pioneering efforts of Dr. Alekseev (CHDB) in 

developing the concept. He stated that »any other countries have made 

inquiries about the Ekranoplane but WTET is the first group to receive a 

formal presentation by the Russians. There are currently no plans to fly 

the Orlan or the Lun to the USA. I sensed a reluctance to do this even if 

funds were made available. 

When asked for his opinion on the use of wingships vs seaplanes as 

transport vehicles, he gave a vague response. He stated that the Russian 

navy supported the Wingship program and the Russian airforce developed the 

A-40 amphibian seaplane. Both programs were of interest to the Russian 

government. 

3. A»nifif- 9fPM> fr«M*""«•- Hotel 

Mr. Evgeniy N. Formin, Chief Designer for CHDB, described the long 

history of this Bureau in designing and building hydrofoil boats and 

wingships - all under the direction of Dr. Alekseev. He stated that the 400 

ton Um would be used as a rescue vehicle but other missions (undefined) are 

possible. He made a strong appeal for a cooperative program with the U.S. 

and was certain that a useful program could be developed. He cited several 

BB«IMA.  Interest  with  emphasis on developing #»* 



large (> 1.000 tons) vehicles. This »ay be a reaction to what the Russians 

believe is the U.S. interest in 5,000 ton vehicles as proposed by Steve 

Hooker. I believe they would work with us on any size vehicle so long as we 

provide support for the program. 

Mr Leonid D. Volkov, Head of Aerodynamics Laboratory at Krylov, made 

the next presentation. He stated that Krylov had been working on wingships 

for over 20 years and had examined many configurations.   Volkov's opinion 

„as that a 500 ton vehicle would be the maximum size if amphibians 

operations were to contem using PAR. For this large vehicle he would limit 

the wing loading to approximately 300 lbs/ft*. The configuration would be a 

flat wing section between two parallel hulls and dihedral wing sections 

outboard of the hulls.  PAR would be directed only under the flat center 

section of the wing. 

Mr Volkov's further opinion was that wingships should be small, should 

not be aircraft, and be operated in sheltered areas. This was based on his 

considerations of safety and high efficiency. Traditional aviation 

experience was not helpful in his analysis and he emphasized that new 

-aero/hydro/dynamic- criteria had to be developed. We need to gather »ore 

information on this new criteria to understand what Mr. Volkov meant. 

Mr Volkov proceeded to describe what he believed to be unique Russian 

experimental facilities at Krylov including special towing carriages; wind 

tunnels using models tested above fixed and movable ground boards; and 

mirror-i-uge models. He offered the use of these facilities in any 

cooperative program. 

He also believed that wingships should fly at speeds between 80 and 200 

„ph; should use PAR; and fly at a height/chord/ratio > 0.15 and have an 

aspect ratio of 2 or 3.   This will result in a lift-drag ratio of 

approximately 16-17 at cruise speed. 

During the coffee break I confronted Mr. Formin and Mr. Volkov relative 

to their contrary opinions on preferred size of the wingship. They both 



smiled and stated that compromises could be developed. 

Dr. Gallington (WTET team) presented the results of the parametric 

study of the Lun configuration conducted by L. Malthan of WTET. There were 

no substansive responses by the Russians. 

4. ftygwst 10 fr«»sldent Hotel 

Mr. B.V. Chubikov, General Director of CHDB. welcomed the WTET and 

stated he would wait until we met at Nizhny to provide detailed technical 

information. 

Mr. John Reeves, of the U.S. WTET. discussed profile drag reduction for 

wingships and inquired whether the Russians had been studying the influence 

of ground effect in reducing profile drag. There were no clear responses at 

this meeting but John subsequently learned that TsGAI »ay be looking at this 

very problem. 

Mr. E. Formin, of CHDB. compared the «aerodynamic quality- of 500 mph 

aircraft with 300 mph wingship in ground effect. He suggested that the 

aerodynamic quality of the wingship was nearly 50% greater than for the 

aircraft. The details of this analysis were not provided. He --suggested 

that special engines should be developed for wingships operating in ground 

effect (not marinized aircraft engines) which would have a SFC less than 

aircraft engines (again no details were provided). 

Mr. Formin suggested that wingships can now be developed for gross 

weight between 2.000 and 3.000 tons. They would have a cruise speed between 

370 and 420 mph; a thrust/weight ratio of 0.20 during take-off and a 

thrust/weight ratio of 0.10 in the cruise condition. The take-off engines 

would not operate at cruise speed and attempts will be made to reduce the 

aerodynamic drag of the shut-down engines. 

He mentioned that the Lun has flown 3.000 KM at a height of 1.5 meters 

^ ^a awraot>  of the 3% highest waves.  (This is the criteria used by 



Mr. Formin vhen operating in a wave system). 

Dr. Chebikov stated there is world wide interest in wingships which 

will continue to grow into the next century. In his words -the interest is 

irreversible". In his Judgment the wingship should be considered a flying 

ship to avoid aircraft certification problems. The wingship should always 

try to operate in ground effect. 

Dr. Savitsky of the U.S. team, discussed the importance of selecting a 

cruise height to avoid contact with the average of Öie highest .10% waves. 

If this is accepted, then even the 400 ton Lun would be cruising at 

altitudes with minimal ground effect. In subsequent discussions it was 

found that the Nizhny group uses a height equal to 1/2 the average of the 3% 

highest waves plus 0.10 x chord of the wing. 

Mr. Audrey V. Ponomarev, Head of the Ship Hydrodynamics Division of 

Krylov, discussed several applications of the wingship concept. They 

included: 

• Missile firings from top of Lun fuselage at 300 mph. The drag of the 

missile launch tubes was excessive so this application was terminated. 

• Use as an ASW vehicle. This was the most effective means for 

searching (area/unit time). Acoustic and non-acoustic devises were 

used for ASW detection. 

• An accident sustained by a Russian submarine motivated the 

development of wingships as air-sea rescue vehicles. The Lun can carry 

the entire crew of a submarine. 

• Future Russian wingship designs will be more efficient than the Lun. 

Mr. Robert Wilson, U.S. member of WTET, presented material on the U.S. 

PARLAC (landing craft). 

Dr. Penetrenov of Krylov indicated that there were stability problems 

associated with wingships in ground effect and recommended working with the 

U.S to develop auto-pilot control systems. He would also like to work with 

4n riPVP.lonlng a mathematical model for all aspects of wingship *-V>*> TT C 



performance. In addition he stated that the Russians have: 

• a 600 ton ACV 

• are developing a 1,000 ton SES 

He also recommends building small coastal wingships now and a 1.000 ton 

wingship as the following vehicle. He believes it is unwise to design a 

5,000 ton wingship at this time. 

Dr  Anotoli Murin. Deputy Director, provided a summary of  the 

development of this laboratory and its facilities. It was started in 1918 

by Prof. Joukowski who died in 1921. It is not unlike our NASA and is 

equipped with subsonic,  transonic, and hypersonic (K - 20) wind tunnels. 

There are some 50 separate test facilities here including a special 

laboratory for testing their space shuttle at extremely high and low 

temperatures. This facility has not been used for the past three year, (due 

to lack of funds). It might be useful to the U.S. which. I believe, does 

not have such a facility. 

The hydrodynamic facilities of TsAGI are located in Moscow and will be 

visited on August 19. 

We were told that TsAGI makes configuration decisions for new designs, 

later we were told that they make recommendations to the various Russian 

design bureaus and provide certification for the final aircraft design. 

Some interesting discussions were had with Prof. G. I^gvinovich, Head 

of Hydrodynamics at TsAGI (Hoscow). when we gathered in a small group. He 

was very willing to answer detailed technical questions and seemed to have a 

wealth of practical experience with all aspects of wingship design and 

operation. I asked whether there was a criteria that TsAGI had which 

related size and speed of wingship to wave height. He provided us with the 



„     »7.3 «»"' 
Ha%       V2 

where: 
H. - average of 3% highest waves, meters 

g - acceleration of gravity, meters/sec2 

V - displaced volume of wingship meters» 

V - cruise speed, meters/sec 

I believe that this equation defines combinations of operational parameters 

which result in a 4g impact acceleration at the LCG. This acceleration is 

the average of the 3% highest. Also, I believe he said that their wingships 

are designed for a 4g impact acceleration and either model tests or the 

above empirical equation is used to identify the operational sea condition. 

When the wave heights exceed this limit, the cruise altitude is increased 

and the beneficial effects of ground effect are substantially reduced. 

When asked about a typical drag-lift ratio during the take-off regime, 

Prof. Logvinovich stated that, in calm water, the maximum value is 

approximately 0.20 and occurs at 35% of the take-off speed. These values 

are in agreement with results obtained in tank tests conducted in the USA. 

Further, this maximum value of drag-lift ratio is similar to that obtained 

for a high length-beam ratio seaplane such as the Beriev A-40 amphibian. A 

typical thrust-weight ratio for the wingship varies between 0.25 and 0.30. 

The wingship values are for take-off with PAR. 

In subsequent discussions with Prof. Logvinovich in Moscow, we were 

told that the drag predictions during take-off are based on model tests. 

The Russians do not have an analytical method for making these estimates. 

They feel that spray drag (on endplates. hull, wings and flaps) is a 

significant but undefined portion of the total take-off drag. Consequently 

they scale their model results by the cube of the scale ratio to obtain 

prototype values. They would prefer to scale each drag component separately 

but, as yet, have not developed such a procedure. 



When cruising at an h/c of 0.20, at 400 km/hr. the L/D in smooth water 

for a 140 ton wingship is approximately 17 and is reduced to approximately 

15 when cruising over a seaway, unfortunately the wave heights were not 

defined and I believe he was referring to the Orlan (150 tons). The C^ is 

assumed to be 0.02 and the aspect ratio was approximately 3.0. 

At lunch I sat next to a Russian hydrodynamicist from TsAGI who had 

been involved with the development of the A-40 amphibian seaplane. He 

confirmed that C    was 2.8, but that take-offs were made at a CL - 2.2. 

max 

(These were also our estimates).  The take-off speed for the A-40 was 

approximately 105 knots. The cruise speed for the I*n is approximately.200 

knots. 

Dr. Kirill Zozhdestvensky, Chairman of Applied Mathematics at St. 

Petersburg State university -of Ocean Technology presented the result, of a 

linear and non linear solution of the flow around wings and endplates in 

ground effect. He considered both steady and unsteady flows. In my opinion 

this presentation was better suited for a symposium on Naval Hydrodynamics. 

Hr. Volkov discussed the heave restoring forces, dCj/dh in ground 

effect and speculated that this would alleviate the hydrodynamic impact 

loads. unfortunately there were no quantitative results presented to 

substantiate his hypothesis. 

Messrs Kravtsov and Kobyzev of Beriev (designers of A-40 located in 

Taganrog) presented results of a study of "wingship aircraft- which they 

call Ecranolyat. This concept can operate both in ground effect and as an 

airplane at altitudes of 1500 to 10,000 ft. When the sea states exceed the 

design limits of the ecranolyat, it merely flys at altitude. Hence, they 

see no sea state limit for their designs since they intend to land and 

take-off in sheltered bays. 



They foresee a need for small ecranolyats <- 25 tons) to provide rapid 

transportation in the coastal areas of southeast Asia. The cruising speed 

would be 300k»/hr. The configuration would consist of a center-wing section 

which blend into outer wing panels with moderate aspect ratio. They project 

a lift-drag ratio of 25-26 when flying at 2 meter height above the water 

surface. This is a surprisingly high lift-drag ratio for a small vehicle 

operating at a relatively large height above the sea surface. Since no 

documentation was presented I would withhold acceptance of this performance. 

The Beriev group also presented sketches of possible configurations for 

take-off weights up to 5,000 tons - 11 using a similar blended wing 

configuration and most using a PAR sytem.   All were said to have 

exceptionally high sea state capabilities - but again no documentation was 

presented  They state that serious physiological and psychological problems 

»ay be experienced by the crew flying in ground effect over waves and 

suggest that the crews will not fly lower than 15 ft above the water. This 

will substantially reduce the beneficil effects of ground effect except for 

very large vehicles. In that case, there is concern that the wake of these 

large vehicles will upset small «hips, yachts, motor boats, etc. In 

addition. It was pointed out that landing and take-off areas should be 

cleared of debris before operations commence. 

7. K»Tv<flv August Tr  «P™ (Nlzhnv) 

Vice Admiral Polyanskiy greeted us again and stated he was anxious for 

a USA/Russian cooperative program to be developed. 

Dr. Chubikov (Director) introduced senior members of his staff who were 

ready to answer our questions. We were then shown a movie which traced the 

development of CHBD and essentially lionized Dr. Alekseev as the genius 

behind their hydrofoil and ekranoplane developments. Dr. ChubikoVs review 

of current activities at CHBD were essentially identical to those described 

in the Francis/Gallington trip report dated June 9. 1993 and hence will not 

be repeated here. In fact his comments on use of ecranoplanes. 

=erns. cooperative programs etc. are also a repeat of the 



material in the Francis/Gallington trip report. 

In a round table discussions Dr. Kirillovykh stated that salt water and 

aerosol intake into the engines is a continuing problem and is being studied 

actively. He raised all our eyebrows however when he stated that the 

engines are washed down only once a year. If true, we can only conclude 

that these vehicles do not operate very often. 

We then visited the Volga plant where the wingship Lun (spasatel)was 

under construction Dr. Gallington reported that there was little progress in 

construction since his visit in June, unique features of the configuration 

«re also contained in his June trip report. I attempted to closely inspect 

the hydroski but was ushered away by CHDB staff who stated this was a CHDB 

proprietary design feature. Perhaps they are not aware that hydroski 

applications on water based aircraft were tried by the U.S. Navy some 25 

years agol I did notice that the bottom skin thickness of the hydroski was 

approximately 1 inch. 

During our inspection of the. Lun, I stood on the port wing with Dr. 

V.V. Sokolov, Chief Designer at CHDB. He was most forthcoming in answering 

questions concerning the Lun design. Specifically: 

• The hydrodynamic impact acceleration at the center-of-gravity . .is in 

the range 2.3 to 3.5g when landing in waves. 

. There is a factor of safety of 1.8 applied to the hydrodynamic load 

so that the design impact acceleration is in the range 4.1 to 6.3 g. 

• The maximum lift drag ratio during the take-off run is approximately 

5.0. In the cruise condition, at 270-300 mph, the lift drag ratio is 

17 but reduces to 15 when cruising over waves. The take-off and 

landing speed is approximately 160 mph in 3.09 meter (Hj%). 

. They are currently designing a 125 ton passenger wingship which will 

operate in sheltered waters at a speed of 240 mph and expect a 



lift-drag ratio of 25 at cruise in calm water and 20 in a wave system 

where H. - 1.25 meters. This craft will not have aircraft capability 

and will not "fly" at altitude. Thus it is a true wingship. 

• When operating in a wave system, the height of the wing above the 

level water line is usually: 

h - -2&-   .     + 0.1 c 

where: 

h - height of wing above level water line 

Hs - average of 3% highest waves 

c — wing chord 

• When asked about the many steps on the hull and wing he said they 

were necessary to assure flow separation when in the take-off mode. 

They do increase the aerodynamic profile drag - but this must be 

accepted. 

8. Tuesday. Ausist 17. 1993  CHDB Air-Test Complex 

We traveled by hydrofoil boat from Nizhny to the CHDB test area located 

on the Gorky Sea, which is actually a man-made lake on the Volga river. 

There we witnessed flying demonstrations of the STRIZH and VOLGA II. 

The STRIZH is a 1.6 ton vehicle, has a wing span of 6.5 meters and an 

aspect ratio of 3. It is powered by two 135 hp rotary engines and driven by 

two inclined shaft propellers which provide PAR and propulsion. The wings 

are end plated. It appeared that there was approximately 2 ft of wing 

clearance when flying in ground effect. Data on speed, lift-drag ratio, 

clearance, sea state capability were not available. Perhaps other members 

of WTET were able to obtain such data. The STRIZH made several passes in 

ground effect and also climbed to altitudes of approximately 50-100 meters 

as it flew by. It appeared that the acceleration of the craft was very low 

from the at-rest condition to the cruise condition. 



The VOLGA II is strictly a ground effect vehicle with no flying 

capability. It's elevators are locked at all times. It flys at less than 1 

meter above the water surface and is truly a ground effect vehicle with 

little or no sea state capability. There are three sealed inflatable bags 

under the vehicle • one at each wing tip and one under the centerline. Two 

ducted fans provide PAR and propulsion. The craft made several passes in 

the vicinity of the observation catamaran upon which we were stationed. It 

then climbed up to a beach under its own FAR and settled on the inflatable 

bags. The bags had closely spaced transverse flow separators to assist in 

take-off. 

We were able to inspect the VOLGA II but not the STRIZH. 

After lunch we visited the Chaklov museum. Valery Chkalov made a 63 

hour non-stop flight from Moscow to Vancouver, Washington in 1937. His 

aircraft was on display and an enthusiastic and well informed guide walked 

us through the museum and aircraft. 

9. Wednesday. AugVtft 19. Kremlin. Nizhnv 

Dr. Sokolov provided an overview of the place of wingships as a 

transport vehicle. He used large charts, which were obviously prepared for 

previous presentations. No copies were available to the WTET group -although 

Dr. Sokolov said he would provide them during Phase II. The material on the 

charts appeared to be of a very general nature - more or less an 

introduction to wingships.  Some important conclusions were: 

• Wingships are designed for hydrodynamic impact loads. The 

hydrodynamic sea sitting loads are much smaller than the dynamic loads. 

• He recommends a joint development program to define the dynamic loads 

and pressures. 

• Dr. Sokolov's designs all have basically inherent stability (without 

control systems). The Orion and the Lun designs do however provide 

heave damping through a simple control system.  ^^ 



• Relative to materials, CHDB is working to develop new alloys of 

lithium, cadmium, magnesium and aluminum. If successful, they can 

reduce the structural weight fraction. At the moment they estimate the 

structural weight fractions of the Orlan and Urn to be approximately 

35%. 

• Relative to engines, Sokolov recommends that special engines be 

developed for wingships. These should have good efficiency at low 

altitudes and be relatively immune to the salt water environment. 

• In the past, research was driven by military needs. Future research 

should be directed to commercial and civil applications. 

• Relative to wingship configurations he suggests that a 500 ton 

vehicle would have a classical airplane layout; an 800 ton vehicle 

would have an aspect ratio between 4 and 6; a 1,000 to 3,000 ton 

vehicle would be an integrated wing-fuselage (flying wing) have a 

chemical fuel propulsion system a thrust-weight ratio of 0.25 and a 

maximum of 10 engines. A-5,000 ton vehicle might be nuclear powered - 

but he believes this to be environmentally unacceptable. I believe all 

his vehicles would have some degree of PAR. He estimates that the 

large vehicles (undefined) would have a maximum lift-drag ratio of 25 

in the cruise condition in calm water. This will reduce to 20 when 

flying over 3 meter waves. He also estimates a maximum lift-drag ratio 

during take-off in calm water to be approximately 7.0. 

• He recommends that if new wingships are to be designed and built, we 

should start with perhaps an 800 ton vehicle and slowly proceed to the 

5,000 ton vehicle if necessary. 

« 

• The recent crash of the Orlan was due to pilot error and was 

unrelated to the basic design. 

We then broke up into small discussion groups.  Savitsky, Wilson, and 

Czimmek represented WTET and joined Narytsin, Dcen, and Kurnetsow of CHDB to 

the Lun was designed for 



3g hydrodynamic impact during landing. In the 170 mph cruise condition. 

0.2g was recorded when striking the tops of 3 meter waves. The pilots are 

instructed to increase altitude the moment the keel or endplates strike a 

wave. Thus, there is constant attention to clearing the waves at the 

expense of reduced performance. 

• The peak bottom pressure recorded on Lun was approximately 300 psi 

during landing. 

• The structural weight fraction of Lun was.34% and the empty weight 

fraction was 50%. Thus the payload and fuel together were 50% of the 

take-off gross weight which is 350 tons. The take-off gross weight of 

the Orlan is 125 tons. 

• It will take 5 years for CHDB to design and build an 800 ton 

wingship. This configuration would have a central flat wing with 

dihedral extensions on each tip to result in an aspect ratio 4-6. The 

second generation wingship weight > 800 tons would have a flying wing 

configuration. 

• Engines having thrust capabilities of 30-50 tons must be developed. 

10. Thtiradav. Anfii«t 19. TsAGI (MOSCOW) 

We visited the towing tank at TsGAI, Moscow and met with Prof. G.V. 

Logvinovich, Dr. Macionca (?) and Prof. Moslin. There are 850 employees in 

this facility which consists of four basic departments. Aerodynamics, 

Aviation/Acoustics, Hydrodynamics, and Scientific Information. 

They are looking at the design of an 1100 ton wingship which will 

cruise at 350 mph, have a range of 6,000 km; cruise at altitude of 5 meters, 

have a wing loading of 130 psf; and a lift-drag ratio of 26-30. The payload 

would be 400 tons. They will cooperate with other Russian design Bureaus to 

develop a new wingship which will satisfy all parties. There was no sign of 

competitiveness among the various groups - nothing but a spirit of 

la 



The TsAGI tank does not have an irregular wave maker capable of 

generating specified spectra. Their regular waves have such poor quality 

that, after running the wave maker for a long time the waves become 

irregular! We should examine the results of the TsAGI rough water model 

tests with some caution since, if I understand what was said, their 

irregular waves are m* defined in accordance with standard wave spectra. 

I had an opportunity to review the results of Russian calm water model 

tests of the A-40, Beriev designed," amphibian seaplane. A 1/10 scale model 

was used. Their lift-drag ratios and trim angles obtained during take-off 

agreed very well with predictions I presented at one of WTET meeting». 

Also, the lift-drag ratios for the PAR assisted Lun were approximately - the 

same as for the A-40 during take-off in calm water. 

11. frr"1*™ 

• Although the Russians were cooperative, we did not receive copies of 

their presentation or docmentation of performance eatimates. Whatever 

quantitative results we did extract from them were usually through 

private conversations while working through a translator. 

• The performance of their present wingships (Orlan, Lun) -were not 

particularly impressive. They all promised substantial improvements 

for wingships greater than 1,000 to 3,000 tons but no documentation was 

presented. 

• It is difficult to judge the status of their technology since no 

details were presented. 

• Because of their inadequate model test procedures and limited full 

scale experience (again no details were provided), the performance of 

wingships in realistic irregular seas cannot be properly evaluated at 

this time. 

that the Russians would prefer to design true wingships 

i-> 



(always in ground effect, with no aircraft capabilities in order to 

avoid certification problems). 

• The areas of application for wingships are still vague especially if 

operation over realistic sea conditions is required. 

• If aircraft capabilities are to be incorporated into the wingship 

design, then comparisons with large seaplanes must be made. 

• The concept of a 5,000 ton wingship is a far term project which even 

the experienced Russians would prefer to postpone until they have 

experience in designing and building 1,000-2.000 ton craft. 

12. Recommendation 

If there is a Phase II to this study I would suggest that we contract 

with them to undertake a point design of a 1,000-2,000 ton craft. Their 

deliverables should include jdocumentation of all predictions Including 

smooth and rough water performance, weight fractions, range, materials used, 

propulsion systems, etc. 

Prior to such a recommendation it is essential that the U.S.-establish 

a need for such a vehicle using present performance estimates such as 

developed in the WTET parametric study. 

DAVIDSON LABORATORY 

Dani aniel Savitsky 
Professor Emeritus 
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Memorandum 
To 
From 
Subject 

Date 

WTETFUe 
E. E. Covert 
Visit with Russian WIG Engineers 
8/9/93 to 8/20/93 

September 12, 1993 

This report will follow the chronological order of events. 

8/9/93 AM Visit with Vice Admiral V. A. Polyansky 

He emphasized the importance of a cooperative effort as a matter of 
policy between the CIS and the USA. He gave an historical outline of 
WIG activities. He discused the importance of understanding the 
"proprietary" nature of the technical exchange (note that proprietary was 
my word, but I am sure that is what he had in mind). He discussed the 
valuable role the WIG could play as an international rescue mission. He 
mentioned the role that could be played in rescuing submariners several 
times. 

Captain Andrei Logvinenko explicitly pointed out that outside 
discussions would be sufficient to cancel the technical exchange between 
us and their technical experts. Captain L.. pointed out the Navy was very 
interested in the WIG, and that since the US was also expert m that area, 
he hoped that the Russians would also benefit from the discussions as 
well as the US delegation. There was a considerable questioning on the 
requirements for the KSM, which were generally answered by a stock 
phrase "That will be revealed in your discussion with our experts. 

8/9/93 PM First general Session 

LtCol Francis explained why we were there. That is we were sent to 
evaluate the state of the art for WIGs and for sea planes. He noted that 
this survey was "Phase 1", and the outcome of Phase 1 would govern if 
there was to be Phase 2. 

In Chubikev's absence, the Russian presentation was given by Professor 
Logvinovitch. He was very knowledgeable, and summarized the 
Central Hydrodynamic Design Bureau's (CHDB) research, which he said 
was based upon trial and error; using flight test, as well as wind tunnel 
and towing tank research. He noted a towing tank was built for this 
purpose. He briefly discussed a proposed 5,000 tonne freighter that could 
fly at 500 kmph. Finally he disscussed the use of "Lun", a 400 tonne 
vehicle, as a rescue vehicle. 

After a break, Dr Gallington discussed applications for a WIG, and the 
technical difficulties we forsaw. Finally he presented the outcome of our 
parametric studies. 

Professor Volkov of the Institute named after Krylov then offered some 
comments. He said that he had 20 years experience in WIG research. His 
salient points were as follows: 
1 They tested many configurations, but only a few were built, 
2 Originally they felt a low AR Sea skimmer was the best config. 
3 The aero properties correlated with h/c so a large chord (c) implied a 
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4. Even though WIGs have a low AR, their performance is comparable 
with best A/C. This geometry implies a better payload to gross weight 
at take-off fraction. However as the size of the WIG increases, the 
evolution of the configuration is towards a flying wing. 

5. The effects of PAR are favorable because the wing gives lift at zero 
speed. This implies lower loads at low speeds. However PAR is costly, 
must be restricted to low speeds, and moves the center of pressure aft. 
This can cause center of gravity and center of pressure problems. 

6. PAR is particularly effective if only the center of the wing is "blown". 
7. Wing loadings for large wing ships are high, greater than 1500kg/m*2. 

This kind of pressure can only be developed by a jet engine. (If I did 
the conversion correctly, this is over 300 pounds per square foot. 
Smaller machines can have wing loadings as low as 20 psf). 

8. They found aero people don't understand the importance of h/c; near 
the ground (screen was the word the translators used, but by context 
the meaning was ground) h/c is more important the angle of attack, 
they did use aero methods to calculate resistance (drag). 

9. They flew at h/c = . 16; 

8/10/93 General discussion continued; AM 

Volkov started the morning by stating that drag was the sum of friction, 
wave drag, drag due to lift and spray drag. 

John Reeves gave his presentation of his drag analysis. 

Dr. Fomin of the CHDB discussed the merits of the WIG as 
compared with other vehicles. This sales pitch included statements of 
L/D that compared with modem civil transports. He was bullish on the 
5,000 tonne machine. 

Prof Volkov said that Lun flew at 550 kmph and at an L/D of 25. (If I did 
the sums correctly VL/D = 8600. A 707 has a VL/D = 9900). He also 
said the wave drag was less than 5% of the total drag when the speed 
exceeded 200 kmph. 

Ponomarev, also of Krylov, discussed the issue of stability, particularly the 
stability with respect to height above the ground. The need is for good 
math models, which implies a need for better test facilities. He also noted * 
there was no need for a 5000 tonne machine. He said the US has a 
problem, every thing must be the biggest, even if it is not wise. Upon 
questioning he said a scale up of three was as large as he would feel 
comfortable with. He also said that he preferred natural stability, rather 
than augmented stability. 

8/10/93 PM 

Bob Wilson presented some pictures of the activities at David Taylor 
Model Basin. He noted WIG's have stability problems. His description 
sounded like porpoising to me. 

Professor Kirill Rozhdestvensky, Head of the Mathematics Department, 
St. Petersburg Marine Technical University, gave an outstanding lecture 
on the application of asymptotic methods to the WIG problem. He 
generalized the Barrows-Widnall results, and was able to use the physics 
of the problem to show why a particular characteristic length was 
important for each aspect of the solution. Because his methods required 
the angle of attack be much smaller than h/c, eg, the angle of attack is 



results did not have much application to the WIG as they used it. Still and 
all, this was part of their effort and thus relevent. 

Dr. Formin noted Spacetel/Lun used a standard engine that was "marinized", 
but the cycle was not adjusted for sea level operation. He said that for all 
all gross weight at take-off of greater than 1,000 tonnes the WIGs were 
superior to aircraft. He said joint studies by Krylov and TSAGI indicated 
very large WIGs, 2,000 to 3,000 tonnes were superior to conventional 
aircraft. These large machines would have a L/D greater than 30, and 
would fly at 600 - 700 kmph. (There were no hard data presented that 
would support his claims.) 

Dr Savitsky than pointed out a contradiction in his data, and finally Dr. 
Fomin noted he was talking about flying over waves that occurred 1/3 of 
the time when h/c was 0.1 to 0.15. Questions about long flights, greater 
than 3,000 km were to be answered later. 

Mr. Czmek asked about materials. Dr. Fomin answered that they had used 
Al-Mg alloys.but that new materials would be better. 

Dr. Chubikov said all these matters would be discussed when we got to 
CHDB. He also said we should keep in mind the WIGs are ships and not aircraft. 

Following the break 
Gallington raised questions aboout specific problems not discused in the 
literature. Gera raised the issue of stability in a velocity gradient, and 
Savitsky raised questions about flying over the open ocean as a function of 
sea state, and the loads the bottom of the WIG and its tip plates might 
face. 

Savitsky said that if one applied sea plane experience, if the "Wingship" 
flying over a sea state 5, and must clear a wave that occurs once in a 
three waves, the altidue of flight must exceed 3.1 meters. A Wingship 
of chord 3.0 meters would then be flying at a value of h/c of slightly 
greater than one. The ground effect would not be very large under these 
cconditions, which implies a low lift-drag ratio. 

Savitsky then used seaplane landing conditions to estimate the loads due to 
these wave impacts. He concluded the loads could be as high as 6 to 8 
g's. He noted this is slightly configuration dependent since the loads were 
a function of the flight path angle and the slope of the wave. 

Dr Chubikov said all these questions would be answered either in CHDB 
or in Phase 2. 

Gera asked question related to his research in the area of flight near the 
ground in the presence of wind shear. (He got the same run around in 
place of an answer.) 

Rozhdestnensky noted that in the 1960's the central laboratories reported a 
need for a research phase for naval use of Wingships. 

(I sensed the Russians felt confident there would be a Phase 2 almost no 
matter what we said.) 

8/11/93 Visit to TSAGI at Joukowski. 

Dr. Munin gave a summary of their experience with Wingships. 
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of spray. These tests were conducted in a towing tank, by towing a model 
behind a boat, and through use of radio controlled models. He also noted 
that at low speeds the induced boundary layer on the surface had a big 
effect on the performance. He discussed turning performance; it is better 
to zoom and make a coordinated turn than to skid. He said Wingships 
would be certified as aircraft not ships. He noted that at very low values of 
h/c (0.01) and low angles of attack, the lift was primarily due to lower 
surface over pressure. He said the cruise speed was limited to six times 
the take-off speed without PAR. Finally, he offered arguments that 
contradicted to Dr. Fomin's conclusion. Munin concluded an aircraft is 
superior to a Wingship because the reduced density at altitude reduced 
loads at high speeds. He felt that wave impact loads would increase the 
structural weight fraction, and this would be a serious problem for the 
designers. He concluded by saying that the problems of landing, beaching, 
mooring, and the like had not been seriously considered. 

The facilities at TSSAGI were very good from a geometric point of view. 
The structure was comparable to our methods. The material choice was 
not so happy. Every facitilty seemed to have a rust problem, even their 
fancy new trisonic-tunnel. Their understanding of errors was good, but 
their instrumentation was primitive. Private discussions with Volkov, 
Rozhdestvensky, and Logvinovitch, were illuminating, but did not add 
much to my knowlegde of CG travel, weight fractions, or engine 
performance. I was told that would be revealed during our visit to CHDB 
in Ninzy Novgorod. 

8/12/93 General discussion continued; AM 

Rozhdestvensky continued his discussion of asymptotic theory of 
Wingships. He discussed tip effects and artificial effects of controlling 
vorticity; including the use of jet flaps. He noted the beneficial effects of a 
very low zero-lift drag on the maximum lift/drag ratio. He also said the 
ground effect was very powerful, and this explained why aircraft tended 
to float while landing. (L believe this is only true when the flight path 
angle is very small because this angle must be small compared with h/c, 
which is itself small for his theory to apply. Otherwise his statement needs 
closer scrutiny. I later told Burt Rutan I did not remember floating while 
landing a man-powered airplane. If Rozhdestvensky's statement were 
universally true, I would think sailplane pilots might be aware of thhe 
feeling) 

Upon questioning by Rutan, Rozhdestvensky said they had not compared 
theory with model or free flight data. 

Upon questioning by Savitsky, Rozhdestvensky said he did not feel the 
unsteady loads caused by flying over waves would be important. 

Volkov discussed the general thoery of ground effects, following Prandtl's 
approach. That is he started with a horseshoe vortex model with an image 
in the ground. As the height above the ground decreased, the first effect 
was to reduce the induced angle of attack, and hence the induced drag. As 
the height above the ground decreased, the image of the bound vortex 
became more important. He said this was a negative effect, but that this 
negative effect was balanced by the trailing vortex pair if the aspect 
ratio was in the range of 2 - 3. 

There followed a discussion of the value of the change in the lift 
coefficient with respect to the height as a function of height. 



8/12/93 Group Caucus. 

Roger Gallington defined the areas of technical uncertainty. 
These included "What is the purpose of our evaluation?" 
Requirements 

Evaluate today"s technology 
Project results from baseline of today's technology if 
new technology were to be used, ie could a long range be 
achieved with current configuration and new materials? 
Is there merit if an added operational requirement like take-off 
and landing in the open sea were added? 

Measures of Merit 
Type of application 

Heavy lift, long range 
Service life 

3000 hours; 20 years; 500 hour engine life 
Performance 

cruise range 
taxi range 

Other factors were discussed. 

Mike F. described his view of the issues to be faced, including 
reminding the Russians why we were here. 
Hal Fluk asked "...if there was a pony in the pile?" 

8/12/93 PM Beriev Design Bureau on Sea Planes 

V. H. Kravtsov Head of Design A-40 Albatross 
He said they had 10,500 hours of wind tunnel testing anad 5,000 hours in 
towing tanks and test basins. He claimed that for weights less than 120 
tonnes seaplanes or amphibians were better performers than Wingships, 
while above that weight the contrary was true. (This statement caused a 
lot of confusion. I was never satisfied with what was implied, and what 
assumptions underlaid the statement. I think Rutan finally figured it all 
oout.) The conclusion was that for GWTO weights of 300 tones or greater 
the Wingships would compare favorably with modern jet transports. 

Kravtsov then said his preferred mode of operation was to use ground 
effect in the take-off and acceleration mode, and then climb to altitude.    - 
This is about the first 40 - 50 seconds of flight. 

He said he felt the design and construction of a big Wingship should be 
an international activity, involving GB and Fra as well as the US and 
Russia. He said that this would also involve the aircraft and ship builders 
acting as part of the team. Part of the reason for this was the design of the 
lower part of the hull to with stand the loads. 

After a brief discussion of PAR and take-off, Eric Lister asked about fan 
duct after burning for thrust augmentation at take-off. The answer was 
that they had not considered it, but it sounded like an interesting idea. 

8/13/93 Visit to Yakolov Design Bureau 

We talked with Mr. Gustovoy, Chief Designer and VP Marketing, and 
Messers Dolzhenkov, Popovich and Naryshkin, Chief Designer, designer 
and program manager for the Advanced Trainer Program. This is a nice 
advanced trainer. They were sounding us out about the possibility of 
„JI;-,. f.u:e mo«i,;nA :n *u~ TTnitaH ^Jtafp«   I thinlf   Wf algn ta1kp.ri ahnnt 



their project the Yak-14IB, a supersonic VTOL and STOVL. This too 
looked like a nice machine. I was impressed by the knowledgeabihty of 
these engineers. We also visited their museum. While their design areas 
may have been in the same or adjoining buildings, we were told the 
manufacturing was done else where. Incidently, we were told their 
company had just been converted into a stock company with the 
employees holding 49% and the government holding 51% of the stock. 

8/16/93 Visit to Central Hydrodynamic Design Bureau (CHDB) Ninzy 
Novogorod. AM 

Mike Francis reminded them why we were there. Admiral Polyanskii 
welcomed us and said we were going to get a full exchange of data. 

Dr. Chubikov welcomed us and gave us his "vision" speech. He gave us 
the hstory of the CHDB and its products. The concept of the Wingship 
grew from the realization that the performance of hydrofoils as a 
transportation vehicle was limited (L/D < 12 or so.) (Their hydrofoils 
were very good, and are used world wide. Chubikov said his goal was to 
build 2-4 Wingships, a family whose size would vary from 5-5,000 
tonnes. 

We then saw a PRO film. We were all touched deeply and re-upped on 
the spot. Their conference room had a nice display of the various vehicles 
they had built or hoped to build. I believe Jim Camp took pictures of all 
the posters and some of the models. 

We then toured the Lun construction area. The Lun is a large machine, 
comparable in size to a 747 or a C-5B. Its construction strongly resembled 
ship building practice with a lot of welding and with many 
smalish compartments. The entrance and exit hatches to each compartment 
looked like water-tight-doors to me. The wings were bolted to the hull 
with a large number of bolts..The wing carry through structure looked 
heavy and complex. The hull had 6 or 7 circumferential ridges that were 
used for spray control. The wings and tails seemed to follow aircraft 
construction practice. The hydroski, which was said to be used for 
landing, was enormous, and undoubtedly very heavy. The fittings and 
hydraulic cylinders were massive. 

After a tour of the construction of "Lun/Spacetel" we had lunch. 

The we all gathered in a conference room and questioned a designer. I did 
not get a card so he will remain nameless, although I believe his name 
was Killovykh, or something like that. He seemed to be knowledgable. 

1. The fuel is in the wing, with the center of volume at the CG, so fuel 
transfer is not needed to control CG position. The CG location would be 
revealed in Phase 2. The answer to the question "Was the fuel volume 
selected to meet payload/range requirements?" was "That is classified." 

2. They used tempered aluminum alloy for the structure, but knocked 
down the allowables by 33% or so because of the loss of strength caused 
by welding . 

3. In answer to Joe Gera's question, the pilot selects the angle of attack, 
usually at the ideal value, and the altitude is controlled by the flight speed. 

4. In answer to Dieter's question, they designed to avoid fatigue. This 



level where it could be controlled by anti-corrosion techniques. 

5. In answer to Bob Wilson's question, the design limit was not set by 
sea keeping, but they did check the sea keeping loads and the strength 
was addequate. There followed a general discussion, which included the 
ideas they designed for strength and for fatigue; in many places on the 
Lun the landing loads were the limit loads; they would not tell us the 
sinking speed at landing, but said they could land in a 3.5 meter sea at 
400-550 kmph. They had landed at 80% GWTO, and had touched waves 
in flight without damage. (Whatever "touch" meant.) 

Finally it came out that the hydroski loads upon contact at 270 kmph 
caused a 2g load, and this drove the design. The design 
landing speed was said to be 270 kmpf. They said these loads were 
measured by strain gauges. They did not answer Dieter's question about 
factors of safety. 

He said they checked aeroelastic effects, and that they did not have a 
flutter problem. Joe Gera asked if they wingship was naturally stable in 
roll and yaw? "Yes." They have a wet wing where fuel is stored. They 
have weep holes. I mentioned the C-141 weep hole and stress corrosion 
enhancement by the fuel. 

Joe Gera asked about the crash of the "Orion" . We were told it was 
pilot error, but that was all they would say. 

Dan Savitsky asked about engine operation in a salt air environment 
The answer ws "This is a complex question." Finally a detailed discussion 
on engine wash requirements. I gathered they use the number of take-offs 
and landings and not operational hours to determine wash cycles. (This 
makes sense to me. Once per year might even be the correct answer if 
they only flew the KSM once per year.) 

John Reeves asked why they chose the turbojet as opposed to a fan jet for 
propulsion. They answered the engine selection was driven by the military 
mission. 

They would not answer the question about elevator power, ie degrees of 
deflection per g. They said they did not need to use elevator deflection to 
balance the moment developed by the hydrdoski; they used engine 
power. 

In answer to Bob Wilson's question they said they shut down some 
engines for cruise, and shut down the inboard engines during cruise. 

In answer to Burt Rutan's question, even at 20 degrees of elevator 
deflection, there was sufficient differential operation for roll control. 

In answer to Mike's question Lun and Orion were cleared to fly one km 
above the ground. 

In answer to Jim Camp's question (and after much shilly-shallying 
following Mikes question) they said the longest flight was about 4 hours 
and they guessed they flew 2,000 km. 

Burt asked if they had considered used of a vertical fin near the CG to 
generate side force. This would enable them to turn without a bank angle. 
They said this was too inefficient to be used. 
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Hal Fluke's question about the ferry range of Lun was ignored. (They had 
said earlier that these are experimental vehicles, so operational issues were 
not known.) 

In answer to the question of the reason for termination of the 2,000 flight, 
they said they had completed the task assigned to the flight. They said the 
total range was classified. They said they had used a special technique to 
determine kmpkg of fuel. They would not give a value for that parameter. 

They ignored Burt's question on the turning radius of Lun. 

I had given Fomin written questions on weight fraction as a function of 
GWTO. He said these questions would be addressed here. We got no 
information at this meeting. 

8/17/93 Visit CHDB Airtest Complex 

This was a tour of a facility a couple of hours up the Volga River on the 
Gorki Sea. The trip was made of a Hydrofoil. The ride was good, even 
when crosssing wakesss of other ships. I was impressed with these craft, 
at least on a smooth river. In adddition to a flight test center, the 
faacilities included a wind tunnel, an open jet tunnel that looked ok, but 
had a turbulence level of 0.8 per cent, and a towing tank, which they 
operated for us. The demonstration of Strizh suggested that it flew a tenth 
to a few tenths of its chord above the water, and it zoomed to turn. The 
take-off was very slow. The Volga, a small five-place machine that were 
selling for low density transport routes, was a real "sea skimmer". Its 
chord and span were anout 20 feet, and it seemed to fly a foot or so 
above the water surface. Its turn radius was very large, so I presumed 
the turn was really a skid. 

8/17/93 Evening summary meeting. 

Mike said he had met with them and said we want data from flight test, 
both stability and control, and performance. We also want the accident 
report on the Orion. He said they had asked him to get specific questions 
from us. (I noted I had submitted written questions to Fomin, and had 
not heard a peep from them.) Mike noted these was no paper at the Lun 
connstruction site, and wondered if it was an active program. Bob Wilson- 
figured it would take a year to fix the Lun up for roll-out. 

Mike suggested we instrument a vehicle for flight, and help interpret the 
data, which implies a form of coopeation. However the future is not 
clear. 

Dan S. he had seen no data, but conversation indicated the value of 
L/D was disappointing. The load factor is a function of speed and wave 
height, maybe 3-3.5 g's or about 1.8 timess design load factor. Burt noted 
thd hydroski coud be heavier that a landing gear; John Reeves said the 
compendium said that it was 4% of GWTO. 

Bob Wilson said as a prototype Lun was only good for 500 tonnes. 
Which, if larger is better, implies the need for complete redesign. He said 
engine development was of first order importance. Composites were of 
interest and could possibly improve the pay load weight fraction from 10 
to 12.5 % of GWTO. 

Eric sat down with the engine guy and said the bait seemed to be always 



8/18 we would have small groups or no discussion at all. 

Someone noted that the only thing the Russians possess was flight 
experience. 

People's reactions: 
Joe   "Strizh flight impressed him. 
EEC   said in this case the movie was as good as real life. 
Roger said obtaining stability in ground effect was a real contribution. 
Dan   said he saw 1. a real sea skimmer that could not escape from the 
ground, and 2. a demonstrator both in and out of ground effect. 
Burt said the Strizh had the same maximum velocity in and out of 
ground effect. 
Jim   asked if we could get the reports Capt Maleshew hadd 
reviewed while he was the desk man at the Navy. 
Roger said what we send to Congress depends weakly on what we learn 
here. Coming to Russia has value in developing a base line for parametric 
analyses. 
Roger also said The Technical Experts implied that if the sea state was 
less than N, they will fly and hit a wave from time to time. Roger said "It 
looks like Lun is not a long range craft at sea. 

Group suggestions. As small group favored each specific item 
1. Discuss joint USA-CIS application 
2. Conduct joint experimental activites (Flight Test) 
3. Conduct joint design efforts 
4. Conduct joint studies on structures and sea worthiness. 

8/18/93 At the Kremlin Ninzy Novgorod General discussion 
AM 
The goal for this session were two-fold. First better understanding of 
how well things are done, aand second identify areas of mutual interest. 
The Chubikov gave his agenda as follows: 

1. Hear Sokolov's report 
2. Have lunch 
3. Break up into small groups for technical discussions 

Sokolov reported on his 30 years of WIG activity. 

The WIG program was started because of the limitted maximum speed of 
the hydrofoil. First theoretical and paper design studies were used to 
develop design methods , as well as developing a data base. These resultts 
were promising. Thus they preceded to experimental studies. He gave a 
detailed sequence of events, ie from paper to wind tunnel and towing 
tanks, to rradio conttrolled models.etc, etc. With all this data they feltt 
they needed to improve the L/D to 30;improve the structure. 

The three generations of Wingships have GWTO ranges as follows: 
1. up to 500 tonnes classical configuration 
2. 500 to 1,000 tonnes sub-scale data base, includes a flying 

wing 
3. 1,000 to 5,000 tonnes atomic powered machines. 

Increase T/W to 0.25. Now T/W = 0.15. 
A propellor was an adequate propulsor up to 800 tonnes. 

The a question and answer period followed. Usually, Chubikov let 
Sokolov answer, the amended the answer to bias towards the 5,000 tonne 
machine. In essence Chubikov felt the were no problems in going at once 
to 3,000 tonnes, iust a scale uo of Lun. as it were. The very hioh T /n 
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ratios pertained to calm sea, In experiments they matched Froude number, 
and corrected to Reynolds number as aeros do. 

The V. B. Dimidov gave a lecture on stability and control, The was a 
complete presentation, with lots of formulae, and some numbers. The 
material was presented on flip charts and went by very quicky. There 
were 14 classses of problems they solved to get to this point. This was 
followed by a philosophical discussion of design problems. 

Then we had lunch 
PM 
Focus groups 

1. Design 
2. Sea worthiness and structures 
3. Flight Test, and 
4. Application 

Application Focus Group 
Joint view 

1. Rescue at Sea 
2. Unique transport (Change crews of ships at sea) 
3. Highspeed bulk cargo delivery 
4. Use of Wingship in polar, desert, swamps, ice caps, etc 

where no other vehicle goes at high speeds 
5. Shalllow water, poor harbor freight pick up and delivery 

The discussion would focus on an aplication, then Chubikov would disrupt 
it. 

General Comments 
The Russians were divided among themselves as to the use and state of 
development of the Wingships. The division usually followed lines of turf 
protection. 

We did not really get very much hard data or information. What 
opportunities we had made the data difficult to record either because of 
the nature of the presentation, on flip charts, or hand drawn viewgraphs or 
because of the rate at which the material was presented. The latter 
problem was complicated by the translation. 

We did get an occasional nugget that confirmed our understanding, but 
those were few and far between. 

I hope that if there is a phase 2, that either some sort of lever can be 
applied to get what we pay for, or that we are prepared to walk away and 
avoid the situation where all will be revealed in phase 3. 



WINGSHIP INVESTIGATION 

SUMMARY OF NOTES BY BURT RUTAN DURING 9 AUGUST-20 
AUGUST 93 RUSSIA TRIP 

In general, these observations are limited to areas of flight test, model test and structural 
issues. 

9 August Ministry of Defense - Polyanskii 

Research started in 30's accelerated to flying prototypes in 60s. Evolution followed 
hydrofoils tTaiicushion to IGE flight (wingships). Missions were purely defensive, no 
long range requirements. Sub rescue was an important driver. 

9 August - President Hotel - Fomin 

The KM (Caspian Sea Monster) was built in 5 years (1961-1966). 450 tons, but flew 
above 500 tons and 500 km/hr. 

Volkov - Aspect ratio is low to achieve long chords, since H/C is the important ground 
effect parameter. The positive ground effect is neutralized due to the overall low aspect 
ra io Offset further by wave height. Future vehicles will be flying wings to achieve 
Performancegoals. Lun wing loading is above 400 kgm/m2. Large wingships may 
exceed 1500 kgm/m2. 

Accidents were due to pilot error. Flown O.G.E. Then AoA limits exceded, then nosed 
in. This is a new science, not well understood by airplane people. 

Model test methods used: 1. fixed screen, 2. opposing models and 3. movable screen 
gave best results. 

10 August - President Hotel - Fomin 

Wingships can compete with C-5, 747, etc. especially when airfields are not available?! 
There were wide gaps in the wingship development history. 

Structures are heavy by aircraft standards, due to multiple requirements and use of 
nS?(«*mLnJtaiicsium) that is only 2/3 the strength of aircraft alloys. Design 
driver is normally wave impact at takeoff weight. 

Largest aircraft is about 1000 tons due to airfield limitations, but a wingship can reach 
3000 tons and have L/D=30, although best L/D on Oiüonic is about 1^J^» »^ 
farthest flight conducted on a wingship, answer was 3000 km (did not know fuel 
fraction). We got referred to the CHDB folks later. 

Chubikov - Growing interest, will be the achievement of the next century. All current 
prototypes have drawbacks, but can fix if we join in international development teams. 
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Malyshev - wingships are generally land based, but Lun is water based. Antiship missiles 
fired at 500 km/hour. No undesirable pitch or roll during salvo launch. Lun size can take 
150 wounded or 500 seated (sub rescue). Rubber boats can come onto wings while sea- 
sitting in sea state 4. The Lun is large enough so it doesn't roll in waves big benefit for 
rescue mission. 

Ponomarev - There is a "vertical stability problem" that must be solved before 
certification (height stability?). In general, they are stable in a small AoA range only. 

11 August - TsAgi 

Four facilities shown. 40' x 85" elliptical low speed wind tunnel, 2x3m 
transonic/supersonic tunnel, 30m static load/ heat load/vacuum chamber (Buran) and 
fighter simulators. Of these, only the low speed tunnel was in use. Lots of dust on he 
switches! The moving base simulator with the Buran cockpit on one end and a car on the 
other resembled a bizarre accident. The fighter simulators used a model geometry board 
with video similar to our early 70's technology. The photo of a Rutan Quickie homebuilt 
in the low speed tunnel was claimed to be a Ukraine design. 

12 - August - Rozhdestvensky 

Presentation of fundamentals of design methods for WIG craft    When asked if his 
performance design methods were verified by the flight test results, he said he didn 
know, we would have to talk to the test guys. Apparently the flight test results are not 
studied by the university professors! 

12 August - Volkov 

He emphasizes that dCL/Dh is high, resulting in the small reaction to missile launch 
Also the accident. The vehicle was diving 10 degrees, then ground effect reduced the 
slope' to only 1 degree at impact. He didn't say why it was damaged m spite of only 1 
degree gamma. 

12 August - Krautsov - Berlev Design Bureau 

He explained that the A-40 seaplane pilots see 4.5 g at pilot station when operating in tif A? 
meter waves. He showed some large (1500 ton) design for WIG. His range summary 
showed (for smooth seas) that conventional seaplanes have an advantage below 120 ton 
weight. Above 120 tons, there are advantages to using PAR and WIG for takeoff, but the 
vehicle should cruise hfigbJ. He doesn't like ground effect for cruise due to obstacles 
He envisioned very large designs would have a 10-15% advantage over current jets if 
new engines were used. Speed would be limited to 500 kph, though. He reasoned that 3- 
4 hours would fatigue a crew flying IGE. 

16 August - Chubikov CHDB Volga Plant 

Comments from the Lun inspection - Only a small team working the vehicle. Possibly 
just a "look busy" for our tour. I didn't see materials flowing or any drawings/work 
orders. Also, they seemed to dash for the door as we were walking out. Skin on Hydra- 



ski is approximately 28 mm thick and pivot is very heavy. Looks like weight o ski 
y t m is'similar Ja landing gear. Structure is welded plates of ^^.ff^ü 

flaps, control surfaces and horizontal tail where riveted thin skins are used (Uke aircraft 
oract ce^) This prototype appeared 95+% complete structurally, but only 5% of systems 
SlatonTwe wereTut short and were not allowed to look at the forward hu 1. No 
pho^we^e allowed. The film «Black Tail of Sagittarius« ***£$£«& ^ * 
flight operations as well as beaching and operating on .ce A good historical review 
most of their early configurations. (I hope to get a copy - Him.) 

Chubikov credited Alexaev with the main credit for Soviet lead in kingships His 
^interest in the big ones. He thinks optimum size is bet ween 100Uori ad 4000 
ton He stated three important items: 1. Market research for most effect ve uses, 2. 
BuUd twfto four machines in various sizes, and 3. Certify to international level. 

(Whatever that is!). 

One of the models shown had a main wing with a pivoting camber. The leading edge 
pivoted up (hinged at about 35% chord) to capture more PAR. 

Discussions «§<i<e* of Lunch - 

Cg range of Lun is small, almost all fuel is in wings. The inferred that it has natural 
hi\Z"stability and will hold speed and height at constant thrust. Can land m 3.5m 
wat a^35oKour with full fTps. Normal landing speed is .8 *~^*^c 
Pilot has an AoA indicator but doesn't use it as much as a normal aircraft. It is stable 
£yaw Ch IGE and OGE, but IGE is more difficult. They will not say the Cg range 
now 1 only that the acceptable range is smaller than for an aircraft My guess based on 
some otheMnputs is 45$ to 60% chord of the main wing. OGE static stability is fine this 
far back due to the oversize horizontal tail. 

Our inquiries on elevator effectiveness and sensitivity resulted in some limited 

information: 

elevator/g? = no answer 
elevator required for gusts and big waves? = less than 5 degrees. 
maximum elevator during takeoff? = 20 degrees T.E.JLD. 
elevator travel in cruise to landing? = "low" 
engine-out controllability? = can survive four failed on one side! 

Thev are "investigating" operating the Lun as high as 1 kmaltitude. Longest flight by 
any wlngsh^A^swfr = 2000 lSn/4 hours. This is likely the correct answer, not the 
3000 Sted eariL An early wingship seen in the film has a cg-mounted vertical fin 
wUh a flan for Smmg aTbank = zero. This was not effective and was not tried again 

• men qu£t "out turn radius, the answer was ^^e as convention^ a.craJ * 
sameweight" Actually, turn radius is a function of speed and bank angle, so I m feeling 
mbled agSin. The limited bank angle to stay IGE must severely limit turn capability. 
The only significant turn I have seen was the Stnege operating OGE. 
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17 August 

Visit to test area for flight demonstration Streigh and Volga II and display of tow tank 
and low speed wind tunnel. 

The Streigh was not impressive. It seemed to struggle to get off the water even though it 
was operated solo. Its IGE cruise also seemed to require a lot of power. Information that 
follows in this paragraph came from Chubikov during the Streigh demonstration: 
minimum cruise power IGE is about 60% of takeoff power (note most land-based aircraft 
can fly on less than 30%). At maximum power, the speed (160 km/hour) IGE is the same 
as the maximum speed OGE! i.e., induced drag benefit is not noticeable at high speed 
flight. The minimum power to remain airborne OGE is 50% more than IGE. This 
doesn't make sense, because it looked like there was a relatively small difference between 
takeoff and cruise speed. 

The Volga II, with its inflatable sponsons, very low wing loading and tiny control 
authority is more like an air cushion vehicle that a wingship. Its turn maneuverability is 
poor and it, too, seemed to struggle to get dry even though four if its five seats were 
empty. They later pointed out that its prime advantage is its use with a low-skilled pilot 
when operating over ice or brush. (They are building 10 for Siberia). 

18 August - Nizny Kremlin - Sokolov 

They have studied our questions but won't answer most until next phase. 

Hydrofoil boats are limited to 150 km/hour, so in 60's they started with 1.5 to 2 ton 
wingships. The United States' approach was to reduce landing speed with low wing 
loading and high-lift flaps. The CHDB instead developed PAR and hydroskis. 

All good wingships are stable, static and dynamic. Streigh uses manual control. Big 
ones use boosted controls with autopilot. 

First generation was the 500 ton tor. Second (design-only) was 1000 ton vehicle. They 
have powered model test data on this but would not share it. Third generation design was 
1000 to 5000 ton and atomic powered. Now believe a practical limit is 3000 ton, but 
would try 800 ton as a next step above KM. He would guarantee performance at the 800 
ton size. He stated that an 800 ton ship would be a flying wing. It would have L/D = 25 
to 30 over calm sea and decrease 4 to 5 in sea state 4. Aspect ratio 5 to 6. 

Diomidov, the flight controls designer, stated that KM controls were crude. After 86 
(Lun) the new autopilots have functioned 1500 hr (Mentor 3 and 4 systems) without 
failure. All FCS are analog type. He noted the ships are "inobediant to elevator and 
aileron at low heights." 

The cruise turn is a complex maneuver. The aim is to maintain height and speed while 
using roll, side slip, AoA and thrust in a coordinated way. Early pilots used rear view 
mirrors to judge tip height. They now have indicators. Future generation designs will be 
controlled     differently,     allowing     relaxed     stability     requirements. 



18 August - The Flight Test Separate Group. 

Participants: 
Nickolaevich 
Pezevozkin 
Diomidov 
Diaduro 
Shozin 
Petrov 
Tomilin 
Jim Camp 
Eric Lister 
Joe Gera 
Burt Rutan 

Chief Designer, Lun 
Engine Designer 
Flight Controls 
Systems 
Deputy Chief Designer 

Engine Department Chief 
Deputy Chief Engineer 
Dt 

NASA 
Scaled Composites 

They Described the Orlionok 1992 accident thus: Pilot entered a turn at 370 km/hr and 
railed to increase thrust. This caused speed to get too slow - down to 300 km/hr The 
ship settled and dragged the inboard tip. Pilot incorrectly responded byj>ul ^g thesuck 
aft The ship climbed to a stall, splashed, climbed steeper, then dived into the water. 
Cause - inadequate pilot training. 

Question-Extent of instrumentation for flight test? ^£iTtn 
Answer - 2000 parameters, half of them structural, half aero/hydne. re*«to# in 
Caspian facility and sent to CHDB for analysis. 
Question - Is the Lun envelope fully cleared? 
Answer - All points are tested. 
Question - Does it meet certification requirements? 
Answer - There are no standards we have tf£ create them. 
Question - What is your biggest area of concern for certification? 
Answer - Safety. 
Question - Does design and model test methods adequately predict/ . 
Answer - Yes for aerodynamic, not perfect for hydrodynamic and structural. 
Question - How many test hours remain until you have operational suitability. 
Answer - Lun already is Ops suitable. 
Question - How many years , first flight to Ops suitability? 
Answer - Three years. 

We asked to be talked through a normal operation of Lun, and got the following dialogue: 
Taxi, using outboard engines only, results in 5km/hr at idle with zero flap. Taxi wind 
limits are 20 m/sec (crosswind is critical). Wave limits 2.5 height. 

When sea sitting, anchor in nose and weather cocks. Visibility limits for takeoff 300 m. 
Have not made a night take off or landing, (twilight only). Take off wind limit 5m/sec 
crosswhTd (low!) Start at only 20% thrust, all engines, zero flaps and lots of spray until 
30 km/hr is reached. At 30 km/hr, advance to full thrust, nozzle down 20 degree when 
nose raises apply full forward stick (for now). At 100 km/hr apply 10 degree flap. 15 
degrees at 150 km/hr. 20 degrees at 200 km/hr. now the stick is forward only 4 degrees 
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elevator Achieve liftoff attitude and then full flap - lift off speed classified (chart shows 
about 250 km/hr thought). Flap can move 45 degrees (at full flap plus full aileron . Auto 
Püot authority is only 4 to 5 degrees surface travel. Lun uses hydra> ski for and,n,g and 
for rough seaitakeoff, not_for smooth takeoff. Typ.ca Lun turn in banked flight •-2112 
degreelec (1.2 min for 180 degree). Flutter is the limit for V max. Cannot remain IGE 
at full throttle. 

My next attempt to extract some data about relative IGE/OGE performance went like 

this: 
Question - what is a good cruise speed over smooth sea/ 

Si XÄO km/hr at 1-2 m heigh, If you now pull up to 100 m height 
and stabilize without changing thrust, what speedywill result? 
Answer - Unless you change thrust you cannot climb OGE, but at 10m height, speed will 
decrease to about 400 km/hr. 

Conclusion: This team really needs to inspect some real raw test data. We are depending 
too much on individual's recollections/estimates. 



r n*-3i_ . u.- 

McDormtHAiKrtft Comptny 

5 October 1993 

Subject: WIGE Flight Demonstration Trip 
Follow-up Information 

To: Col (Sei) Mike Francis, Burt Rutan, Joe Gara, 
Roger Gallington, Jim Camp, Chuck Miller, 
Ed Parrott. 

1. Here are the names of the various individuals that we met on our celebrated 
visit to Dagestan. 

Towns:        Mahachkala and Kaspiysk 

Region:       Dagestan 

Deputy Minister of Industry for Dagestan: Shamil Algv 

Vice Mayor: Mr. Viceman 

Vice Premier of Dagestan: No Russian or American could remember.  If you 
know this please call me and I will distribute 
information. 

Mr. Magomet Ismailovich Gaidarbekn 

Mr. Leonid Tranovich 

Vladimir Niholayevich Kirillovyikh 

Volga Plant Director: 

Dep Director of Security 
Vulga Plant: 

New LUN Designer: 

2. This is the best data I have.   If you have other substantiated inputs 
regarding spelling please call and I will issue a revised edition to our team. 

3. Enjoyed traveling with all of you.   As Roger pointed out, it was a good 
group!! 

Frank Tubbesing 
314-234-8912 
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Report on the Sep. 25-Oct. 2 Trip to Russia. 

The Wingship "Orlyonok" Demonstration Flight 

Six members of the WTET traveled to Kaspiysk on September 28th to witness a 
demonstration flight of the 120-metric ton Orlyonok wingship. On the afternoon 
of the previous day the team met the Russian experts who had traveled to the test 
site mainly from the Central Hydrofoil Design Bureau (CHDB) in Nizhny 
Novgorod. Also present were the wingship propulsion expert from Kazan, and 
Dr. Diomidov, the flight control system designer, from St. Petersburg. During 
this planning meeting the American team reiterated its request from our August 
meeting with the CHDB for specific details of the demonstration flight, mcludmg 
flight data, and at least one on-board observer from the American side. The 
latter request was turned down immediately by the CHDB General Director, 
Boris Chubikov, citing both safety and security reasons. He stated further that an 
out-of-ground effect flight will not be performed during the demonstration. The 
Orlyonok had flown to heights u to 80 meters, and according to TsAGI analyses 
the vehicle should be capable of reaching altitudes up to three thousand meters. 
Mr. Chubikov promised that the pilot of the Orlyonok would demonstrate stick 
free stability by disturbing the vehicle from trimmed flight and allowing it to 
return to trim without any control inputs 

The demonstration flight took place on the morning of September 28th hi the 
Russian naval installation in Kaspiysk located on the east coast of the Caspian Sea. 
According to our hosts we were the first Americans ever to visit their 
installation. We were taken by bus to the Orlyonok which was parked on a 
concrete apron adjacent to the water. Weather conditions were overcast sky and 
fairly brisk winds from the southeast. Later it was reported that the highest 
wave heights were around 2.25 meters. 

All three engines were started while the Orlyonok was still on the concrete ramp 
approximately 200 meters from the edge of the water. Relatively short time was 
spent after engine start before the vehicle taxied to the edge of the water usmg 
small diameter wheels located aft of the hydroski and on the wingtip endplates. 
After the vehicle became waterborne, substantial amount of spray was generated 
by the two PAR engines since most of the thrust appeared to be generated by 
these engines. During the taxi to a downwind position from the observation pier, 
substantial pitching and rolling motions could be observed. The magnitude of 
these motions were large enough to be uncomfortable for potential passengers oi 
wingships of comparable size. 

The takeoff appeared to be somewhat laborious with a duration of slightly over 2 
minutes. The relatively large amplitudes of the pitching and rolling motions 



were decreasing with airspeed. The extent of spray was large enough to 
envelope the whole vehicle when viewed from the side. Although no quantitative 
data was made available, the normal accelerations caused by wave impact, 
especially during the middle of the takeoff run, must have been substantial. 

In flight the Orlyonok appeared to have a steady and smooth flight path and 
looked very impressive. It made several passes in the vicinity of the observation 
pier one of them clearly out of ground effect, at an approximate height of 5-7 
meters. Because of the distance from the observation pier, the bank angle during 
turning flight could not be estimated; in fact, the vehicle went out of sight as it 
turned around for the next pass. As the flight progressed the wind and wave 
height were increasing. 

After a duration of 40-50 minutes the Orlyonok landed in front of the pier with 
the hydroski deployed. The landing distance between touchdown and completely 
waterborne state was surprisingly short, and the spray did not look quite as 
extensive as earlier during the takeoff. After turning around the vehicle taxied 
back to the initial location and rolled out of the water to a distance of 200 meters. 
During this operation only the PAR engines were used. 

After engine shutdown our team was permitted to take photographs and to 
examine the exterior of the vehicle. Several large dents were noted on the 
leading edge of the horizontal tau, and on the upper surface of the left wing. 
The former was reputedly caused by bird impact. The large number of spray 
deflectors on the hull and on the wing endplates had complex shapes and must 
have resulted from many hours of experiments. On the lower surface of the 
flattened nose cone there were two rectangular dielectric plates aligned with the 
longitudinal axis, with a row of three smaller circular plates each side of the 
rectangular plates. Both types of plates were embedded in and flush with the 
external skin. 

The overall impression of the flight demonstration was that while the 
demonstration itself was impressive, the American team was disappointed at not 
being permitted to inspect the interior of the Orlyonok, or given access to time 
history type data from the flight. At the same time we had an appreciation of the 
amount of work the Russians must have performed to bring the Orlyonok back to 
flight status in only a month after a reputed downtime of two years. 

During the afternoon the team reassembled in our hotel in Makhachkala for a 
post flight briefing. The two pilots stated that the flight was fairly ^ar^ous in 
that the previously experienced highest wave was only 1.5 meters. The 2.25 
meter long length waves on that day could have resulted in water mgestion by 
the engines and excessive hull impact loads. Because of the higher than normal 



wave heights, the flight altitude was maintained at four meters, that is 
approximately 1.5 meters above the highest crests. The high waves were also 
responsible for the 220 km/hr liftoff speed instead of the usual value of 200 
km/hr    Cruising speed was 360 km/hr; to the question what the stall speed of 
the Orlyonok was the pilots reluctantly called out the 250 km/hr value. It was 
obvious that no stall tests had ever been conducted with the vehicle. The pilots 
also mentioned that during the flight the automatic flight control system was not 
engaged, ostensibly to get some manual control flight time. This gives credence 
to the claim that the vehicle possesses stick free stability with the automatic 
system engaged even though the stick-free stability tests were not performed as 
requested by the WTET. 

During the post flight briefing Chief Designer Viktor Sokolov was very helpful 
in providing answers to many of the team questions. As to the altitude 
determination during cruising flight, he stated that there were three measurement 
techniques used, the preferred one being radar altimetry. The rectangular 
dielectric plates mentioned earlier serve as the cover for the Doppler radar 
transmitter and receiver that provides speed and sideslip signals for on board use. 
The three pairs of circular plates are the covers for similar radar devices that 
provide triply redundant altitude measurement for display and automatic flight 
control utilization. The other two measurement techniques include ultrasonic 
sonar measurement and the use of the earth's electric field strength. For the 
latter technique, small amounts of radium are place on the lower surface of each 
wing at a mid span location. The.ionized air molecules in the vicinity of toe 
radioactive material allow the measurement of the potential associated with the 
electric field of the earth. The small amount of current resulting from banking 
the wingship can be used for roll stabilization. The technique is also known m 
this country and is utilized in the so-called electrostatic autopilots. In addition to 
being helpful in answering my questions, Mr. Sokolov wrote down a detailed 
scenario for the flight operation of the Orlyonok His translated notes were given 
to Roger Gallington; a copy of these notes is also enclosed with this trip report. 

Joseph Gera 
(805) 258-3795 
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DRAFT 

Russia Visit / Notes / Hooker 

1.0 Mahachkala / Kaspiysk Visit and Flight Demonstration 

1.1 General 

The likely possibility of flying aboard the Orlyonok, taking video 
recordings of the cockpit as well as outside horizon references etc., and later 
review (and possibly retain) flight recorder data, had most of us and certainly 
myself in a state of happy anticipation on our arrival to the Leningrad hotel in 
Mahachkala, the capital of Dagistan. The small industrial town of Kaspiysk 
where the demonstration flight was to take place a day later is located a short 
distance south of the capital, and when we arrived there we were in fact the 
first Americans to set foot in the town since its founding in the 1950's. 

We arrived at a small naval facility in Kaspiysk located directly on the 
shore of the Caspian sea before midday on the 28* of September 1993. Our 
bus pulled up alongside the Orlyonok which was parked on a concrete ramp 
located inside a pair of break waters which were angled acutely out to sea 
narrowing the entry into the sheltered waters of the small harbor. Nearly 
perpendicular to the ramp was a second smaller rectangular inlet in which sat 
a large rectangular barge and behind which on the shore rested the Lun with 
its six missile tubes atop the fuselage, and another Orlyonok missing its cruise 
engine (NK-12). This we learned had been removed and installed in the 
demonstration Orlyonok we were about to watch fly. Three hover craft and 
the Utka (Orlyonok prototype) were also in the area. 

We had by this point in the journey discovered we would not be 
allowed to ride aboard during the demonstration, we would not be allowed to 
go aboard before or after the demonstration and we would not be provided 
any data from a flight recorder or any other source, but we would be allowed 
to question the crew and various engineering staff members of the Central 
Hydrofoil Design Bureau after the demonstration. Such discussions in fact 
took place later that afternoon on our return to Mahachkala. Before 
discovering that we would not enjoy any kind of data acquisition other than 
answers to mostly ad hoc questions from some of the delegation members I 



had requested several times that we, as a delegation, should sit and plan a 
proper strategy to acquire as much technical information as possible by 
filming from within and outside (meaning some would stay ashore or on a 
boat) during the flight, and that during the flight certain maneuvers be 
requested. The evening before the demonstration we did spend about an hour 
developing such a "flight test plan" and Roger Gallington set it down on paper 
and submitted to the proper authorities. Though hurriedly done, and I thought 
rather late, it'nonetheless seemed adequate and in keeping with the constant 
change in venue that characterized both the visit and demonstration. 

Beside mis hurried attempt to put together an intelligent "fligjit 
observation plan" there had been apparently a letter sent much earlier by 
Colonel Francis requesting similar information requesting there be observed 
steady state cruise, take-off and landing, simple maneuvers and in particular a 
turn made in free air (i.e. out of surface effect) similar to those observed in 
the last visit with the Striezh. Also an amphibious demonstration was 
requested. The demonstration we were given essentially complied with there 
requests except the amphibious demonstration only took place from and onto 
the prepared concrete ramp. Films we have seen do, however, demonstrate 
the Orlyonok coming in over surf onto a beach and subsequently leaving it. 
This same letter may also have asked for releasable previous flight data, in 
any event Colonel Francis reiterated the request to Dr. Boris Chubikov during 
our first substantive meeting that took place Monday (the day before the 
demonstration) afternoon/evening. Dr. Chubikov indicated he never saw the 
letter but had heard of it, and added that the demonstration the next day 
would not include free air flight since there were restrictions placed on'them 
from the flight regulating body at TsAGI. (Flights up to 80 meters had taken 
place in the past and it was expected that TsAGI would soon allow an official 
flight ceiling of 2 kilometers). Also he indicated the only reason we could not 
observe a beach amphibious demonstration is that these were now only 
conducted at Chechen island located quite some distance to the north. Dr. 
Chubikov did at this initial meeting say it would be impossible for any of the 
delegation to ride aboard the Orlyonok, such was simply "against the law" but 
if we could secure permission from the navy we were welcome aboard before 
and after the flight. We did not apparently secure the necessary permission or 
it was simply denied us. To what extent there was coordination between 
Central Hydrofoil Design Bureau and the navy was not clear, and in fact 
denials may have been for reasons other than stated, and perhaps the navy 
and security may have been used to protect everything from 



sensitive/substantive information to embarrassingly no information. But, on 
watching a most impressive take-off and flight of the Orlyonok Tuesday in 
what were reported as between 2 and 3 meter waves, there is little question 
on viewing the performance of the craft and crew and appreciating the 
engineering and construction underlying these, that good and practical data 
exist irrespective of our being denied any of it. 

Before describing the demonstration flight in more detail and the 
discussions that followed, it is important to record Colonel Francis' briefing to 
Dr. Chubikov at the end of the Monday meeting and some recommendations 
that came from this exchange. Colonel Francis briefly described the progress 
of the WTET and ended by putting forth two candidate recommendations that 
would involve Russian participation: (1) some sort of cooperative design(s) 
study and (2) the use of a "new" Lun/Spasatel as a test bed with 
instrumentation brought from U.S. but tests conducted in Russia (Kaspiysk?). 
Col. Francis expressed the notion that if the two countries could work 
together then the United States would probably take greater notice and more 
progress might result. To these ideas Chubikov replied that he did not think 
the Lun/Spasatel test bed idea was worth while. The Lun was too specific a 
vehicle and could not be used in the future, but a joint design study or a 
parallel set of design studies to maximal sizes using releasable Russian data 
would be best approach. These discussions ended with Dr. Chubikov 
expressing their immediate concerns of survival and the pursuit of other 
clients and the design and manufacture of smaller craft, and Col. Francis 
offering the possibility of some Russian specialists coming to the United 
States for some unspecified time during the Phase II effort if that were to 
materialize. 

1.2 Orlyonok Flight Demonstration - Walk Around 

On exiting the bus and having been requested and cautioned not to 
photograph in the direction of the Lun, the delegation began walking around 
and examining the parked Number 26 Orlyonok and photographing it. All 
three engines were shut down, but the APU was running. The horizontal and 
vertical tail as well as the upper surface of the wing were clearly of aircraft 
like riveted skin construction. The hull (lower fuselage) as well as the 
underside of the wing were welded aluminum and in places quite thick. Later 
we were told that thicknesses ranged up to one centimeter. Many details are 
evident in the photographs and videos taken, and I will not elaborate on the 
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obvious ones here. For me there were few surprises since I have studied 
these craft for some time, and a fair amount of information is even contained 
in the compendium. The few details that interested me are listed next: 

airfoil zero camber under surface 
rough welding high beads, at least for this wing no underside laminar flow 
substantial incidence 4 to 6 degrees 

• no aerodynamic leading edge treatment (internal anti ice thumpers), small 
leading edge radius J$*,H '' y 

• outboard span underside leading edge flaps with external manual releases.   ^ tf^p^ 
This was a bit of a surprises and I learned later they were an Alexeeyev i'^f< >*,v 

design feature to promote better pressure distribution during on land      |H «f «^ it *   . 
(amphibian) PAR departure. They in fact only marginally help, and werej ^ ^f ö 
considered by all to be not worth the effort of installing them, however * 
they were Alexyev's idea and no one dared suggest removing them, thus 
they remain there to this day. 

• that the wing is used for buoyancy, while the videos of KM suggest that it 
is completely hull borne in displacement mode, (see discussion of take-off 
below) 

• a lot of bird impacts on the leading edge of the horizontal 
• overall design is of a ship that has learned to fly not "wing in surface effect 

airplane". The incorporation of many intelligent engineering design 
features, too numerous to mention, e.g. double chine at the prow, spray 
rail arrangements, the hydro ski, simple nozzle trunnion, external hydraulic 
lines where appropriate, wing hull blending, 

1.3 Demonstration Flight 

.   See and narrate videos 

1.4 Demonstration Flight Debriefmgs (Pu ri P'«" k ^iowN/J 

(a) Take-Off Gross Weight = 120 mTon 
(b) Sea "state" = 1.5 to 2.0 m plus wind waves and chop - these conditions 
exceed design by 0.5 meters. (I also heard values as high as 2.7m quoted by 
the flight crew and others). 
(c) Max Loads experienced (not at e.g.) were 5-6g and max lateral (also 
not at e.g.) 1.5 to 2.0 g. I was later informed that typically the vertical 
accelerations experienced at the center of gravity for the Lun, the Orlyonok 



and the KM ranged between 0.2 to o.5. On one occasion during early tests of 
KM (late 1960's early 1970's)an unexpected wave encounter during manual 
flight caused a short duration 2.0 g peak at the KM's e.g. 
(d) NE Speed 400 Km/hr (unexplained q limit) 
(e) Free air stall speed 250 Km/hr 
(f) For multiple obstacle avoidance radar system provides pilot a 
recommended course ... pilot can choose Thrust, Pitch and/or Direct Lift 
(Flaps). At cruise speed there is no problem detecting and clearing 100m 
obstacle vertically. 

TAKE-OFF and CRUISE 
Speed Thrust Thrust Delta Delta Delta Theta Alt[m] 
[knots] NK-12 NK-8s Hap Nozzle Ski [% (Body 

[mTon] [mTon] Peg] Peg] Down] 
** 

Pitch) 
Peg] 

0- 15 21 0 0 20- >1 0 
28,38 60% 
28-38 15 21 0 +15 20- 

60% 
>1 0 

81-97 15 21 Extend 
-20 

+15 20- 
60% 

>1 0 
(Take- 
Off) 

108- 15 21 20 +15 20- >1 
125 60% 
135 + 15 21 20- 

Retract 
Oto-5 0% >1 

- 

CRUISE 
195- 12-13* 0 0 0to-5 0% 0-1 0.5 to 
205 1.5*** 

LANDING (Can 1 and with one engine out) (Cross wind employs ( ;rab) 
195- Reduce On 30 100% >1 Climb 
205 (Low 

Idle) 
3-4 [m] 

135 Ski Varies Retract +15 
Contact ed 

during 
decel 
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TAXI 
86-92      Varies    21 0 +15 

* L/D=10, at 10-13 mTons for NK-12 only and fuel flow between 2.5 and 3.0 
mTon/hour 
** Full down id 1.5 meters 
***Up to 3 meters 

TURNS 
Turn Radius 2.5 to 5.0 Km depending, with roll up to 15 degrees, speed of 
360 Km/hr height of between 3 to 4 meters and the NK-12 at 100% power 
lever. The turn is normally executed coordinated, flap(s) acting as ailerons 
(see compendium). 

CLIMB 
A climb from surface effect cruise at fixed power to about 30 meters will see 
a decrease in speed of about 15 to 20 Km/hr. 

PILOT COMMENTS 

SOKOLOV SUMMARY (Written) 

2.0 Design Discussions with Sokolov and Diomidov 
(Sokolov, Diomidov, Gera, Hooker) 

3.0 Visit with Academician Logvinovich of TsAGI 
(Logvinovich, Gallington, Hooker) 



Wingship Investigation 

Reliability 
and 
Maintainability 

CONTENTS 

Engine Availability Topics —  H-l 

Engine Water Wash Requirements H-39 

Appendix H 



o Engine Reliability,  Maintainability,  Availability 
and Relationship to Mission Need - an Overview 

With most engine types and applications, good 
reliability and maintainability surface as a non-trivial 
requirement in order to achieve high availability.  Since 
wingships are envisioned to have 4 to 20 engines (depending 
upon size and design), the RM&A aspects of propulsion on 
these vehicles in a difficult marine environment are expected 
to be of considerable interest.  Some expectations using 
current NAVAIR in-service engine statistics are presented as 
highlights below, as do mission need information which is 
interprteted from this data. 

Several main conclusions came from the review of USN 
engine statistics, as applied to a large WIG vehicle, and 
were: 

1) Availability, A(o), will suffer only modestly (5%) 
for a 20 engined vehicle vs 8 to 10 engines, as long as the 
vehicle gets adequate logistic support with labor and parts. 
However, A(o) can be substantially reduced from the 
following: 

• Immaturity if "new" - worth 6.7% in A(o) 
• Poorly integrated into logistic system - worth 

18% 
• Abandoned by logistic system - worth 40% 

In all instances examined where A(o) was low for that 
system, the biggest reason for the excessive down time was 
not the effort of the blue collar personnel making the repair 
(time down for repairs) but rather, it was down time waiting 
for parts, ie the logistic supply chain.  It is suggested 
that apparent failures of the logistic system are not 
actually that, but are more likely the result of difficult 
choices to be made when parts and resources are scarce.  The 
strongest mission needs are believed to be what are supported 
while those less closely linked to that are supported as best 
they can.  Throughout the WTET effort the two seemingly 
strongest unique WIG missions were (1) heavy sea lift during 
the first few weeks of a foreign war, ie before ships could 
get there and (2) as a sea sitting missile carrier to help 
keep the areas inland from the coast soft, and ineffective 
for opposition reinforcement.  Discussions with the Russians 
did not make their mission need for WIGs crystal clear and a 
top-down advocacy appeared to be what has kept R&D there 
funded rather than management's response to a ground swell of 
need. 

2) The maintenance effort per vehicle flight hour should 
be proportional to the number of engines on board, as 
summarized below.  Maintenance needs were lower for newer 
engine models and, inexplicably, many turboprop/turboshaft 
engines,including some very old designs.  See the following 



table for these statistics and their application to a 
Wingship. 

Summary of NAVAIR Statistics and Winashio Expectations 

Item     Best F110  Worst   AVG  WIG20   WIG12 
DRY     WET 

( Engine Hour Basis ) (Vehicle Hour Basis) 

ER/1000 H 0.2 0.4 2.6 1-2 8.0 4.8 
EMA/1000 H 34 36.2 154 57.8 724 434 
EMH/EMA 6.6 6.6 30.7 13.0 6.6 4.0 
EMH/1000FH 200 238 1800 800 4760 2856 

[ER = Engine Removals;  H = Hours;  EMA = Engine Maintenance 
Action; EMH = Engine Maintenance Labor Hours; WET means the 
same engine as the DRY case but with the addition of a fan 
duct augmentor to provide 38% more takeoff thrust, with 40% 
less installed engines] 

Navy Engine R&M Review 

The attachment in the rear shows what the R&M statistics 
were for all the aircraft gas turbines under NAVAIR's cog 
from 4/91 through 3/92.  Both individual engine and "class 
averages" are shown.  The figures of "merit" we are 
interested in developing here include engine removals, number 
of engine maintenance actions and engine maintenance hours, 
all per 1000 engine flight hours.  The impact of reliability 
upon overall aircraft availability, A(o), is investigated as 
a separate value, with the preceding figures of merit used to 
support that discussion.  The key feature in the immediate 
analysis is that values for the above figures of merit for 20 
engines are 20 times the values for a single engine.  For the 
WIG, values for one of the presently most reliable engines, 
the F110, will be used. 

Where information was available from the Russians owing 
to the trips there by the WTET, these information are 
factored into the applicable portion of the US data 
discussion. 

Engine Removals (ERs) - NAVAIR experienced a range of 
0.2 to 2.6 ER's per 1000 engine flight hours for all aircraft 
types, with the class avg being 1.2.  The overall best engine 
was the T56, which sees very little LCF type operation and 
has a ER of 0.2, despite the fact it was first qualified in 
1956.  The worst values (1.6 or higher) were for the older 
turbojets and turbofans.  The best values were for the newer 
models - F110, F404 and the turboshafts and turboprops - T56, 
64, 400, 700, none of which was over 0.9.  All were initially 
qualified before 1975 and all but the T56 are used in 
helicopters which see substantial LCF exposure.  Their 



emergence as reliability leaders in these data was not 
anticipated.  The value for the F110 (an augmented TF, 
qualified in the mid 1980's, installed in the F14D) was 0.4. 
For a 20 engined Wingship (WIG2o) the expectation, if the 
engines were as good as the F110, would be 8 removals every 
1000 vehicle flight hours. 

One factor in how USN engine maintenance is done in 
contrast to that of the Russian WIG's is worth mentioning. 
This is the fact that we change our engines upon cause, and 
not until.  Each removal of an individual engine represents a 
halt in operations, which for a wingship might not be a small 
inconvenience. 

When the Russians were visited in 1993, they indicated 
that unlike our Navy practice of engine removals only for 
cause, they changed all wingship engines at about a 500 hour 
interval. (2 Er's/1000 hours - which is higher than our 
average but better than our worst engine ER rate).  The fact 
that their WIG's operations are interrupted just once for an 
engine change may be a practice aimed at minimizing the 
impact of engine removals upon A(o) and should be considered 
for adoption for any future US wingship operations.  Unless 
the WIG fleet becomes large, it should also be recognized 
that this will cause both an activity and a budget "spike" in 
wingship logistic systems, particularly if only a few hundred 
hours of use are generated annually.  It seems very probable 
that operational WIG personnel would judge this to be worth 
the irritation to the logistic system. 

Engine Maintenance Actions (EMAs)/EH - The NAVAIR 
range is now 34 to 154 EMA's per 1000 engine flight hours for 
all aircraft types, with the class avg being 57.8/1000 hours. 
The best were the F404 (43.7) and the F110 (36.2) plus 2/3rds 
of the turboprops and turboshafts - T400, 700, 56, and 64 
(33.9 - 47.6).  The worst were the older jets and fans ( 70.9 
to 158.7).  For a WIG20 with F110 quality engines, the value 
would be 724 EMAs/1000 vehicle flight hours. 

Engine Maintenance Man Hours Per Maint Action - in 
1991, this ranged from 6.6 (again the F110) to 30.7 with the 
average being 13.0.  Two thirds of the engines were within 
+/-3 hrs/MA of the avg.  The best engines outside this range 
were the J85, F110 and the T700.  The worst outside the range 
were the J7 9, TF30, F404 and T64.  A WIG20 using engines as 
good as the F110 would take no more than 6.6 man hours for 
any one of 20 individual engines. 

Engine Maintenance Man Hours (EMMHs)/EH - the value 
for NAVAIR ranged from 200 to 1800 per 1000 engine flight 
hours, with the class avg being 800.  Slightly over half the 
engines were in the range of only +/- 200 from the class avg. 
Outside that range, the best engines were the F110 (238) plus 



the T700 (300) and T56 (500).  The worst were the old jets 
and fans plus the F404 at 1800.  A WIG20 with engines as good 
as the F110 would absorb about 4760 EMMH per 1000 vehicle 
flight hours.  Just for the purposes of comparison, this is 
roughly the equivalent of the maintenance hours that would go 
into the upkeep of the engines on a pair of C-2A's in 1000 
hours of flight.  (1.3 MH/EH for a T56-A-425 in a C-2A). 

OVERALL IMPACT OF ENGINE R&M UPON VEHICLE ...;^-' 
AVAILABILITY,  A(o),  AND RESULTING  USEFULNESS 

A(o), aircraft availability owing to propulsion 
readiness is the % of clock or calendar time that the vehicle 
is in an "UP" status and is mission capable as far as the' \ 
engines are concerned.  This is frequently the result of all 
of the above plus a number of intangibles.  A(o) for the 
above USN inventory was examined to determine whether or not 
availability suffered as the number of engines increased.  As 
will be shown, A(o) did diminish as the number of engines 
increased but there are other factors that appear to mean as 
much, if not more - including engine maturity and adequacy of 
the logistic pipeline to meet the operational demands of the 
vehicle type and how it is deployed.  The WIG would be such 
an innovation to the existing system that these factors could 
become very important to the success of the operational 
concept.  The innovation is in two areas - vehicle type and 
it is not clear who would be the Using Service - NAVAIR, 
NAVSEA or another entity?? 

The following discusses the range of down time needed to 
support flight time where "other factors" as explained are 
apparently involved. 

In logistics analysis, A(o) = (EIS - NMC)/EIS 
or    (1 - NMC/EIS) 

where A(o) = operational availability of vehicle fleet 
EIS =  in service hours = number of A/C x 

Clock Hrs. 
NMC = non mission capable hours (because of 

engines in the cases shown) which is usually the sum of two 
time values - time down waiting for parts + clock time to 
perform the work. 

Sample Calculation: Navy data says the T56 fleet in twins and 
four engine A/C was used in 450.7 planes and generated 
537796.5 NMC hours over a 1 year period (47.7 flight 
hrs/month/aircraft). 

A(o) = [1 - (537796.5/450.7 x 8760)] = 0.864, which 
is what they show.  For planners, A(o) is a very valuable 
number because it is a measure of how ready the equipment 
actually is, not how difficult it is to maintain that 
readiness.  The obvious question then is how do various multi 



and single engined aircraft in the Navy inventory stack up in 
terms of A(o), and why. 

o Availability, A(o) Trends - For NAVAIR engines the 
A(o) values range from a low of 53.4% (S3A/TF34) to a high of 
97.3%.(F4/J79) with the class avg being 88.0%. 

NAVAIR shows a modest decrease in A(o) for the same 
basic engine as the number of engines increase.  Examples 
follow. « , _   , 

. For the J52, the A(o) for^'oth the twin A-6 and 
the single engined A-4 is 93.6% (47 hrs down time/mo.).  This 
is despite the fact that they both have the same MH/EH and 
each generates about 28 hours vehicle flight time/mo.  This 
suggests that when an A-6 is down for 'engines, it gets back 
to an "up" status in the same elapsed time but uses twice the 
labor of the A-4.  Thus despite more engines, the effort and 
coordination of the organization appears to keep the A-6 as 
ready as the A-4, via 58 MH/mo for the A-6 and 24.3 MH/mo for 
the A-4. .  .,.,,,, 

. The Series III T56 on a 4 engined P3-C has an 
A(o) value of 86.4 vs 88.9% for the same Series T56 in the 
twin engined E2.  This exists even though repairs on the 
Grumman E-2C with its extremely tight nacelle takes 0.558 
MH/EH vs the 0.427 MH/EH on the accessible nacelle of the 
Lockheed P-3.  The A(o) difference of 2.5% in favor of the E- 
2C literally means that the 4 engines on a P-3 usually 
require about 20 more down time hours each month than the two 
on an E-2C.  Each P-3C in the example generates 92 engine 
maintenance MH/mo and each E-2C requires 42.6 MH/mo. 

. The new Series IV T56-A-427 on the E-2C+ is a 
follow-on development of a nearly new from the centerline out 
version of the older Series III T56-A-425.  It's use via 
substitution for the older A-425 is identical.  However, it 
suffered from an underfunded development program and now, 
being in service about 3 years, has an A(o) of only 82.2%. 
The older 425 in the identical airframe has an A(o) of 88.9%. 
The 427 has still not been through OPEVAL because of it's 
maturity problems.  (Note that on all new commercial engines, 
the FAA waits several years for reliability to improve before 
they expect it to generate a low enough unplanned shutdown 
rate to be permitted for use in transoceanic flights.)  USN 
planning did not acknowledge this immaturity on the 427. 

. The last T56 example is that of the T56-A-425 m 
the C-2A, COD aircraft.  The engines and their nacelle are 
exactly identical with that of the E-2C.  Even the airframes 
are as identical as Grumman can make them.  The big 
difference is that the C-2A is the step-child of the E-2C 
community.  No C-2A pilot in command has ever gotten much 
beyond where he is at present rank in the C-2A. They are now 
flown by female aviators, and the attitude of deck crews once 
they have completed their deliveries and pickups is to "get 
that piece of junk off my deck".  All repair work is done at 
a land station (Sigonella, Italy for example) from bases 



generally with less than boat priority on parts to handle the 
C-2A.  Some C-2A's have flown in for Depot level rework at 
North Island (San Diego) with engine wiring harnesses 
fabricated and repaired in the field with Sears and Roebuck 
12 gauge household electrical cable, because issue harnesses 
were not in the supply system for them.  The A(o) of its 
E-2C counterpart is 88.9%.  The A(o) of the C-2A is only 
71.1%.  This equates to a monthly down time of 214.3 hours on 
each aircraft.  The man power expended monthly is about half 
of that, which means that even if only one man (two or more 
is likely) was waking each plane, the down time waiting for 
parts is no less than half the reason for the poor A(o) on 
the C-2A, and is probably 75% or more of the problem. 

The 45prst example in the grouping was the 
S3A/TF34 with an A(o) of only 53.4%.  The S3A is the fixed 
wing ASW aircraft for the carrier group.  This aircraft is in 
a non mission capable status almost six months of the year. 
Out of 120.3 A/C, with 240.6 engines, 40 engines or 16.6% 
were cannibalized to keep the others going.  The overall USN 
cannibalization rate for the rest of their aircraft is about 
l/3rd that of the TF34, ie 5.7%.  The operating TF34s" 
generate 99398 engine hours/yr (34.4 hrs/month avg for each 
of the 240 engines) with a component failure rate (MTBF) of 
one every 29 engine hours.  This MBTF is not too encouraging 
compared to the 60 hrs on the F110, the 65.5 hrs for the T56 
or the 86.9 hrs on the F404 - but equal to that of the J52 in 
either the A-4 or the A-6 which are well supported and get an 
A(o) of 93.6%.  The S3A is down most of the time therefore 
not because of equipment failures but rather because of the 
maintenance situation on the ground/deck, as the_following 
statistics prove.  The man hours for engine repair on the 
TF34 is 1.4 MH/EH which equates to 48 man hrs/month per 
engine.  Even if only one man was available to do the work, 
the clock time for this would not exceed 6.6% of the 
available time.  The 23.4% balance of the unavailability 
(46.6 - 16.6 - 6.6 = 23.4%) is down time waiting for the 
system to repair the engines.  A likely suspect here would be 
unavailability of parts.  One conversation with NAVAIR in 
January 1993 indicated that they were expecting a shipment of 
50 engines to accommodate the lack of parts for repair of 
problems that "had finally caught up with them". 
Nonetheless, if the component of unavailability owing to 
cannibalization is added in (16.6%), this says that system 
shortages on the TF34 have kept it on the ground over 40% of 
the time.  The TF34 in the S3A (same basic engine as in the 
USAF A-10) appears to have been abandoned by the Navy supply 
system. 

There appears to be enough data in the above to identify 
an impact of the number of engines upon A(o) in both 
adequately and otherwise supported systems.  This is shown in 
the figure in a log-log relationship.  The figure suggests 
that a vehicle with 20 engines capable of an A(o) for a 
single or twin of about 93.6% would have an A(o) for 8 



engines of about 80% and for 20, A(o) would be about 75%.  In 
a 8760 hour year, each WIG vehicle should anticipate 
propulsion as a lump causing 1750 (for 8) to 2200 (for 20) 
clock hours of down time annually - and this is for a fully 
mature engine, a dependable logistic pipeline and good morale 
with the troops.  Down time for other system components like 
the airframe/hull, loading gear, etc, would be in addition to 
this. 

The few data where the engine system is not adequately 
supported in the field or may not yet be fully mature are_ 
also shown on the figure.  Their effects are contrasted with 
the multi-engine effects and are as follows: 

. Using 20 instead of 8 engines  - worth 5% in A(o) 

. Non-maturity - worth 6.7% in A(o) 

. Needed but not well integrated into the pipeline; seen 
as a dead ended career position - worth 17.8% in A(o). 

. Basically abandoned by supply - worth 40% in A(o). 

One message here is  that  the quality and even existence 
of the logistics pipeline,   the attitudes of the 
organizational  units,   and even  the assurance from  the 
Acquisition System manager that  a newly developed engine will 
initially be as good or better than other more mature engines 
can hurt A(o)   far more  than equipment  that breaks down 
periodically.     The other is  that when parts are in  short 
supply,   system managers in the service may have no choice but 
to make distinctions between which aircraft get  the best 
support  and which do not.     In an environment where those 
sorts of difficult management choices exist, the A(o) for a 
20 engined WIG vehicle could fall to about 68% for the early 
years of service and about 58% if the logistic pipe line 
suffers from priority problems.  If supply abandons it, A(o) 
would fall to around 40%, which could put the WIG in a museum 
or storage and make it non-operational.  Clearly, good A(o) 
requires that a WIG have very high Mission Need in the using 
service. 



ATTACHMENT A 

ACTUAL USN ENGINE R&M DATA - WORLDWIDE 

April   1991   to   March   1992 
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A(0) 

A/1000  EFH  - 

& 

Aborts  - 

\ 
Aborts, 2   In-Fit - 

Aborts,  2 Failure - 

Aircraft  - 

ATC - 

BCM - 

CR/1000   EFH - 

EFH/F  (MTBF)   - 

GLOSSARY 

Operational Availability,  calculated  as   the 
difference between  the Equipment   in  Service 
(EIS) hours and  Not  Mission Capable  (NMC) hours 
divided by the EIS hours,  (EIS-NMC)/EIS. 

Aborts per 1000 Engine Flight Hours, the 
number of Aborts divided by the quantity 
Engine Flight Hours  divided by   1000.  * 

Number  of maintenance  actions wich   a When 
Discovered  code of A or C.   * 

Aborts, percent  In Flight,  the  percentage 
of   inflight Aborts   (When Discovered   code 
of  C).   * 

Abort«,   percent Failure,   the   percentage 
of Aborts  due  to Failure. 

Equipment in Service (EIS) hours divided 
by hours in report dace period, produces 
an average number of aircraft over a one 
year period. 

Action Taken Code,   this  code  describes   the 
action  accomplished on  the  item  identified by 
the WUC.  * 

Beyond  the Capability of Maintenence,  denotes 
that  the  item is beyond   the  capability of an 
Intermediate Maintenance Activity   (IMA)   to 
repair.    The  item will be  forwarded   to a depot. 
BCM is   documented by the numeric Action Taken 
codes  "1"  through "9".  * 

Component Removals  per   1000 Engine  Flight 
Hours,   the number of Maintenance Actions with 
an O-level Action Taken  code of P.R.S,   or T 
(minus   the number of engine removals)  divided 
by  the quantity Engine Flight Hours  divided by 
1000.   * 

Engine Flight Hour per  Failure,   (Mean Time 
Between Failure),  calculated  as   the number of 
Engine  Flight Hours  divided by the number of 
Failures. 
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*V Engine Water Wash Requirements for 
t Wingships 

(a) Russian Wingship Compendium, by Office of 
Naval Research 1992 
(b) State of the Art Review, Large Turbines, 
Naval Air Propulsion Test Center, Trenton NJ 
PE-38 Report, September 1974 by Eric Lister and 
Robert Dobrowolski 
(c) E-2C/T56-A-427 28 Day Water Wash 
Instruction Maintenance Cards, 1 Feb 1991 
(d) F-18 Organizational Level Maintenance, 
Engine Water Wash, 15 April 1991 

1. Purpose:  This document develops suggested engine water 
wash and system design requirements for supporting a large 
wingship in the "Spasatel" class.  The selected engines for 
this were 4 Pratt and Whitney 4000 series high by-pass 
commercial turbofan engines, each in the 100,000 lb thrust 
class.  (This was the minimum engine case in the WTET 
supporting design study done by Northrop.)  The primary 
objective of water washing is to avoid compressor and fan 
stall, (from deposits on the compressor and turbine). 
However, savings in fuel and parts replacement from reduced 
corrosion would be also likely benefits, even as they are 
today. 

The primary objectives of the equipment and procedures 
identified are to show what will be needed to perform a water 
wash on all four engines in about one hour.  It will be shown 
that this is in considerable contrast to current day 
procedures which could easily lead to reductions in wingship 
availability of 50%.  The methods suggested also consider 
information which was received from the Russians during the 
ARPA Wingship Technical Evaluation Team (WTET) trip there in 
August 1993. 

Owing to the likely use of warranties the government or 
commercial buyers would ask of the engine manufacturers of 
large commercial turbofans at the time, this report is based 
upon engine wash procedures developed and supported by the 



manufacturers of current engines.  Complete airplane wash 
techniques developed by the Navy, such as the P-3 "Wash Rack" 
or "Bird Bath", were not considered because it is not known 
if they would be viewed as being acceptable to the warranty. 

2  Background:  Water washing to remove sea salts and other 
airfoil deposits is usually done by motoring the engine with 
its starter at RPMs needed for starting (about 30-33%) while 
fluids are injected.  The frequency for washing varies with 
the mission and appears to be strongly related to the sea 

fr' salt in air content.  Owing to the intent of the WTET to 
explore large commercial engines for this application, it 
seemed prudent to try to determine water washing requirements 

*\      for such engines.  This was further prompted by noting that 
\ reference (a) made several notations regarding efforts to 

keep sea water and salt water sprays out of their engines and 
special ducting/doors to assist in this, even when_running. 
In the absence of detailed information on the Russian design, 
it was decided to use the USN and commercial information 
available to establish a starting point  regarding water 
washing: (1) frequency, (2) amount and type of wash fluids 
required, (3) actual procedures used including pre and post 
wash engine prep, and (4) any special equipment used today. 
This information, flavored to some extent by what the 
Russians told the WTET later,  was then used to extrapolate 
to the PWA 4000 series to try to make an engineering 
assessment of where to start to make water washing an 
integral part of the engine maintenance on a wmgship.  This 
is considered an initial assessment or starting point for 
either RDT&E or operations until more is learned^about real 
requirements.  Note that the Russians did extensive salt 
water ingestion testing and washing experiments at their 
Volga site to develop their procedures. 

3. Summary of Significant Findings:  It was found that large 
commercial turbofans are man-washed on a 1000 hour or so 
interval whereas wash intervals on fixed wing naval aircraft 
at sea can vary from 40 to 50 hours out to several hundred. 
In commercial aviation service, an engine wash costs about 
$140 in labor but saves about $2/hour in reduced fuel costs. 
The cruise altitude of 21 feet from the engine centerlmes to 
the sea for the "Spasatel" class of wingships appears to be 
closest to that of hovering helos and seaplanes during 
landings and takeoffs, and is considered more severe than 
that of aircraft launched from a carrier deck 70 feet off the 
water.  The above helo and seaplanes both require a rinse 
after each day  of operations (wash with soap every 60 hours). 
The Russians said their Lun will be using an on-board engine 
diagnostic system to tell them when an individual signature 
has changed sufficiently to merit a water wash.  Although 
their experience so far has been to do daily washes (as ours 
would predict), they are hopeful that they can get 100-200 
hours operation between washes, depending upon (1) sea state 
and (2) the operator's skill in not bashing the hull on waves 



and creating sprays.  Keep in mind that this is their 
operational goal, not an in-service achievement.  The needs 
identified below are based on USN in-service procedures for 
aircraft today. 

The amount of fluids used on a single engine wash on the 
F-18/F404 and E-2/T56 is about 2 lbs of wash and rinse per_ 
lb/sec of maximum design airflow on the compressor.  This is 
for engines with 12 to 18 stages of core compressor in 
series.  The primary fluid used for the F404 and the T56_is 
clean, potable water, ie tap water.  In commercial practice, 
some manufacturers specify minimum chloride levels and some 
specify demineralized water.  Several wash compounds are in 
use - B&B 3100, TC100 and MIL-C-85704 (commercial designation 
not found).  TC100 and MIL-C-85704 are believed to be the 
most environmentally acceptable.  The 85704 wash fluid is 
used at 11% strength with water and the wash solution 
constitutes about 10% of the total fluids used.  Below 32 deg 
F, the rinse and wash water must be 50-60% by volume alcohol, 
which is flammable either by itself or in a solution with_ 
water.  In contrast to this is the Russian wingship practice 
which is to use only fresh water, never soap, unless they 
have been ingesting oily water.  They said that in an 
emergency, they would even use raw sea water, simply to 
remove salty deposits, until fresh water was available.  For 
operations far from the home port and near a hostile beach, 
this might become an important maintenance protocol to 
remember. 

Using current USN aviation practices, the amount of 
fluids that appear to be required to wash one large turbofan 
with 2850 lbs/sec max fan airflow are projected to be 33 
gallons of wash fluid (includes 3.6 gallons of wash compound) 
plus 280 gallons of water or water/alcohol for the two 
rinses.  The Russians said they have done substantial engine 
testing on an outdoor stand at their Volga site to find out 
how little fresh water was needed and viewed the above amount 
as more than they would need to use.  While they never said 
how much water was needed, they did indicate that with 
integral wash probes, the same as are proposed here, they 
felt they would obtain the quickest wash with the least 
amount of water.  They said they were currently designing the 
integral wash system for their Lun. 

Using current USN water to air ratios and wash/rinse 
cycle times, for four engines a wash with two rinses would 
takel242 gallons of fresh water plus 14.4 gallons of MIL-C- 
85704 wash compound.  The fluid flow time would be 3.5 
minutes - a 0.5 min wash followed by two 1.5 minute rinses. 
The above estimate of fluids has made a substantial allowance 
for the fact that a one stage fan should take much less fluid 
to clean it than a multistage fan or core compressor.  This 
is also consistent with the Russian suggestion that the core 
is the most important item to be washed, not the fan.  The 



Russians indicated that in addition to generally avoiding the 
wash cycle, they only pressurized their starters enough to 
crank the engines over at about 18% - not the 30-33% we use 
which is "light-off" RPM.  Their purpose in this was to 
prevent the starter from overheating and requiring a 
substantial wait between motoring periods.  The current USN 
technique is to wait for the starter to cool.  Their 
technique would simply require taking less bleed flow from 
the APU, which is something we might wish to consider, even 
for our aircraft washes, to save starters.  For US wingship 
applications, we need to experiment with rinse time, fluid 
amounts and reduced speed starter operation before an 
operational evaluation would be feasible.  If we use 
integtrated probes as the Russians are now trying to use,  a 
100 gallon rinse/engine after each flight might be a possible 
starting point if we wished to try less than the 300 
gallons/engine suggested by our current way of washing 
engines.  An on-board diagnostic system to define wash 
effectiveness by measuring conventional operating line shifts 
is virtually mandatory, and in fact is planned to be used by 
the Russians despite their current resource poor environment. 

The actual time to wash, rinse and dry a single engine 
today is well under an hour.  However, some current day 
practices and aircraft equipment limitations place severe 
restrictions on the time it takes to complete an engine wash. 
The more significant ones used by the USN today which would_ 
be intolerable because of their adverse effects upon wingship 
availability include: 

o Forced use of an external starter air source instead 
of the available cross-bleed start systems.  This is because 
of the inability of customer air bleed systems (ECS, SPS, 
CSD, etc.) to tolerate water.  This forces the engines to be 
cranked over with an external starter cart and done one at a 
time in series.  The Russians use an on-board APU and a 
manifold line to the starters for multiple simultaneous 
starter engagement.  The cross-bleed system is not engaged. 

o Engines are washed only with some difficulty and the 
need exists today for ground maintenance personnel to 
frequently alter the configuration of engine/airframe system 
drains, sensors and anti-icing systems before the wash and 
then return them to their flight configuration afterwards.  A 
typical twin engine aircraft total wash time today can vary 
from three to five hours.  With current day US equipment, the 
time to wash four engines on a wingship could easily run 9 to 
10 hours.  This would reduce vehicle availability due to 
engine maintenance on the order of 50%. 

The Russians concurred wholeheartedly that the above 
procedures would not be adequate for wingship operations and 
further agreed that the one hour objective here was their 
objective also. 



Except for the standard 33 gallon USN Jl-1 "Wash Cart", 
and water injection probes inserted into specific airframe 
inlets, there appears to be little or no special equipment 
involved today.  A wingship however could likely use an 
integrated approach to accomplishing a four engine water wash 
in under one hour.  Key equipment features in such an 
approach should include: 

•  Dock facilities for generating up to 300 gallons of 
fresh water or water-alcohol/day per engine for 
wingship operation.  For a 4 engine ship this amounts 
to 1200 gallons/day/ship. 
A single connection at the dock for vehicle wash 
fluids 
Separate fan and core wash systems integrated into the 
engine design 

.  Use of airframe mounted APUs to provide starter air 
for all engine starters simultaneously via a manifold. 

.  An airframe mounted "wash panel" that performs all 
wash system operations including any changes needed to 
secondary power systems or engine sub systems during a 
wash 
Run the starters at reduced flow and pressure to avoid 
overheating which produces a wash speed of about 18% 
vs. 33% for a start. 18% should yield a constant duty 
cycle for the starters with no overheating. 

t 

4. Recommendations: 
o Commercial warranty information - US engine 

manufacturers should be asked how they would deal with water 
washing in their warranty of a large, high by-pass turbofan. 

o Design and R&D - Until better information is 
available, the provisions of paragraph 3 should be_considered 
for use in wingship integrated design.  Some T&E with salt 
water on the PWA 4084 or a similar engine should be done to 
experimentally find the optimum wash fluid amount, wash 
procedures, and integrated probe design. 



DETAILED ANALYSIS  -  WATER WASH 

Wat-.nre of i-hft Problem:  The surge margin (SM) of fans and 
compressors is adversely effected by roughness of the 
airfoils much beyond that of a new blade. The roughness both 
lowers the stall line and raises the operating line.  New 
blades will have an "RMS finish" of 8 to 10.  Values of 20 to 
40 RMS (which still feel reasonably smooth to the touch) can 
begin to produce measurable degradation in both performance 
(SFC thrust, TIT) and operational suitability^(-SM) .  Values 
as high as 120-140 (typical of a clutch plateH#iave been 
noted on severely eroded engines in service with performance 
losses of 4 to 6%.  The items that can produce airfoil 
surface roughness, even on coated parts, includ^: 

1. Erosion (permanent) ( 

2. Dirt and fine sand deposits (can be washed off) 
3. Soot and smog deposits (can be washed off) 
4. Materials in solution in ingested water (can be 
washed off) 

In addition to the above is the fact that salt deposits 
also form on the turbine vanes, which close off the flow_area 
and reduce surge margin by pushing the compressor operating 
line upwards.  Stationary engines at inland utility sltes 

today go through periodic washes to remove air borne solids 
and mineral deposits from their hot sections.  Both wash and 
rinse cycles are used on these engines. 

It is not uncommon for the logistic portion of the Navy 
organization to be concerned with parts replacement costs 
from corrosion due to the ingestion of sea salt in air (the 
USN Jl-1 wash carts in fact are called "Corrosion Carts"). 
However to the operational personnel, loss of surge margin 
and the resulting compressor stall/AB blowout is believed to 
be far worse.  This is because it can be a threat to safety 
of flight since it's sudden and unannounced onset causes a 
gross loss of thrust during very critical portions of 
operations - for example during takeoffs and landings. 

This paper deals primär: 
use of fresh water and SPP-~ ; 
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Shifts in classic operating characteristics caused by 
either turbine vane area blockage or elevation of the 
compressor operating lines can be successfully tracked on 
individual engines.  Degradation of the stall line itself 
cannot be tracked in service (except by noting unexpected 
stalls), but as long as the airfoils are not eroded or 
damaged in some way, if a wash restores the operating lines, 
there is an excellent chance it has also restored the stall 
line.  Typical changes in operating line signatures that 
might be tracked would include:   N1/N2 speed match, EGT, EPR 
and Wf trends.  The Russians'in fact stated that they were 
doing precisely the diagnostics mentioned above and had it 
enunciated via an on-board display that said "Wash Engine No. 
 .»  They indicated that SOT shifts upwards from salt 
ingestion between washes were as much as 50-60 deg C. on the 
engines in the nose which received extensive sea sprays. 
Compared to EGT increases seen by US engines in commercial 
service, it is felt that the Russian experience of 50-60 deg 
C. is exceptionally large - probably enough to cause warranty 
problems.  Hopefully, a US wingship would use the same type 
of diagnostics, preceded by engine signature definition via 
T&E when first installed.  The Russians said that they had 
never had a compressor stall on a wingship, which is a 
testimonial to how well they have kept up with water washing. 

An additional factor that will likely make a large 
wingship more prone to concerns about stall margin 
degradation is the expectation that the engines will be 
"marinated" versions of the largest commercial turbofans 
available at the time.  Typically, commercial engines do not 
tend to have the degree of SM that military engines do.  This 
is due largely to the fact that they tend to see far less 
sand and sea salt ingestion than their military counterparts. 
It is not considered likely that a very large and costly 
commercial engine would go through further development to 
either drop the operating line or raise the stall line. 
Consequently, if SM degradation becomes a concern owing to 
dust or salt deposits, the most likely solution will be for 
the using service to perform regular engine washes.  The 
purpose of this document is to explore what this means today 
and what it would entail for a very large four engine 
wingship. 

There is good probability that any government purchase 
of such engines in the future would entail an engine 
warranty.  This is felt to apply because the Navy is now  _ 
using warrantees for their purchase and use of the commercial 
CFM56 by-pass turbofan in the E-6A as well as their purchase 
and use of the T56-A-427 in the E-2C.  An additional reason 
is that engines such as the PW 4000 series are envisioned as 
commercial developments, not military.  If a warranty is 
utilized for wingship engines, this would in turn depend upon 
the user employing maintenance practices approved by the 
engine manufacturer.  As a result of this consideration, the 



water wash analysis of this report and projections to engines 
as large as the PW 4000 series is based largely upon accepted 
present day Navy engine water wash instructions, which were 
supported in their development by engine manufacturers. 
Other present Navy techniques, such as the P-3 "Wash Rack" 
which is an outdoor total airplane wash facility (much like a 
car wash without scrubbers) were not considered because their 
development and use parameters fall outside the control of 
the engine manufacturers who would be expected to warrant 
their product.  There are indications in this report that 
such mlthods have merit for both corrosion and engine stall 
margin control, but if this applies to the wingship, it will 
remain for the government to establish this with the engine 
manufacturers.  In such an effort, the burden of proof would 
likely «fall upon the buyer to establish suitability and use 
in an engine warranty. 

Severity of the Winaship Environment:  The use of the PAR 
system on a wingship will require it to fly close to the 
water - typically about 0.2 chord lengths.  For the Spasatel 
design, this would be about 8 to 9 ft from the water to the 
bottom of the wing, which would place the PWA 4000 series 
engine centerlines about 21 ft above the water. 

Figure 1 is a plot of USN data on sea salt in air 
concentration in PPM vs. height above the sea (reference^). 
Much of these data were generated in the 1960's by what in _ 
1993 was NAWC/AD, in establishing the appropriate sea salt in 
air concentration to be used in creating the specification 
for salt water ingestion testing during engine qualification. 
Much of the data were generated by the same personnel using 
the same instrumentation (Casella cascade tester) in an 
effort to establish uniformity.  Note a very strong increase 
in the amount of sea salt in air as altitude is reduced. 
Above 10,000 ft over land or sea the value is about 0.00004 
PPM.  At the height of a carrier deck (65 -70 ft) it can 
range from 0.02 to 0.09 PPM.  At the cruise height of the 
Spasatel engines, 21 ft, it would range from 0.05 to 0.3 0 
PPM.  These data are interpreted to mean that the typical 
environment of the Spasatel will present it with about 3 
times as much sea salt in air content as carrier deck 
operations would.  It will be important later to note that 
the Spasatel PPM level may be the same as what the turboshaft 
engine in a helo during an ASW "dip" at 20 ft. would be _ 
exposed to (T700 in the SH-60) .  In addition, the wmgships 
will also experience ingestion of essentially "green water" 
in the form of sprays and sheets from hitting waves during 
landings and takeoffs.  The Russians acknowledged that 
operator skill here can effect wash interval easily by a 
factor of two. 

For information purposes, the distribution and 
concentration of material held in solution in sea water 
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varies globally.  In order to have a standard to test to, in 
the mid 1960's, the USN engine T&E community adopted ASTMD- 
665 as their "standard" for what would be considered as "Spec 
Sea Water".  This is presented in figure 2, also from 
reference b.  It shows that synthetic sea water shall contain 
approximately 42 grams of dissolved minerals per liter of 
water.  Sea water is thus 4.2% dissolved minerals by weight. 
NaCl comprises 58% of this.  The Russians also used a 
specification for their salt water Ingestion tests at Nishny 
Novgord on the Volga and their level was about 37 gms/liter. 

Renefits and Frequency of Water Washing:  "Sea salts" remain 
when sea water evaporates from an airfoil surface.  This was 
a primary reason why the Russians preferred older, low 
pressure ratio compressor, engines for their wingship lift 
engines - the lower temperature evaporated less of the water 
in the compressor section.  Since these salts are all water 
soluble, they would be expected to be removable with water. 
(Either fresh or sea water but not river water since it 
contains entrained mud.  Inadvertent use of Delaware River 
water in 1957 during water ingestion tests of a J71-A-2 by 
the Navy resulted quickly in severe compressor stalls).  When 
an engine is washed (procedure described later), these 
materials can be expected to go back into solution with fresh 
water (defined by USN as drinkable) and be removed from the 
gas path.  Drainage is typically from the combustor dram and 
the tailpipe.  Both USN aviation and land based 
utility/industrial gas turbines also use several available 
gas turbine cleaning solvents which act as the "soap" in a 
wash cycle which is used to precede several fresh water rinse 
cycles.  The purpose of the solvent is to remove soot, smog 
and adherent fine dust even if there is no sea salt deposits. 
Restoration of performance based upon pre and post wash 
measurements is typically nearly complete except for erosion 
or other residual damage due to age (FOD, cracked metal, 
turbine vane bow, etc.).  Major corrosion damage is said to 
also be effectively prevented. 

Military engines going through their qualification 
testing at the manufacturers plant are generally operated 
with electrostatic and other types of air filtration 
systems, which are not necessarily too effective.  These 
engines typically gain back 2- 4% of the 4-5% performance 
loss noted during the endurance testing once they are washed 
and rinsed. 

Operational USN aircraft, particularly sea based, use 
water washing to avoid both progressive losses in performance 
and SM.  Specific examples of effectiveness follow. 

o T56-A-425/E-2C - During the early 1980's, the fleet was 
advised to wash the engines in the twin engined E-2C every 7 
days when at sea and operating about 40-50 hours monthly and 
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Photographic examples of adcrostructure in the scale of corroded turbine 
bladefarfgiven injure. 3* through 36 (from Reference» 17 «d 18). The 
«""from ilH-713C turbine vane similar to the one shown in Figure 27 was 
analyzed by the contractor, Lycoming, for chemical content, using an electron 
bem microprobe. The results of this analysis are presented in Figure 37. 
Si« analysis was the basis of the scale description by Lycoming, presented 
in Tablel. above, the adcrostructure of the scale on the blade in Figure 29 
(RT-100) is presented in Figure 35. The adcrostructure of the severely 
corroded BI-713C Navy aircraft blade of .Figure 33 is shown In »gurt 36; I* 
Figure 36, the two inner layers and the visual appearance of the adcrostructure 
mentioned in Table I can be seen. 

B. Sources of Sulfur Which Causes Sulfidation 

The two principal items that go through the gas turbine powerplant which 
contain sulfur (S) are fuel and sea water; The maximum amount of sulfur in 
S2 «d^P-5 fiels is limited by the M1L-J-562UF ^>ecific«tion to O.U percent. 
The actual distribution of sulfur in JF-5 type fuels was given by Phillips 
Petroleum Company as follows (Reference 19): 

TABLE H 

O.OOU to O.C4 percent by weight 

Foreign 
Domestic 

12* 
I** 

O.OU to O.U percent by weight 

88* 
60* 

Reference 19 states that the average JF-5 fuel contains 0.1 percent sulfur 
(U. S. Bureau of Mines Surveys, 1957 to I96U). 

The ehemical content of what ASTMD-665 defines as synthetic sea water is 
given below: 

SALT 

Sodium Chloride 

Magnesium Chloride 

Sodium Sulfate 

Calcium Chloride 

Potassium Chloride 

Sodium Bicarbonate 

Potassium Bromide 

Strontium Chloride 

Boric Acid 

Sodium Flouride 

TABLE HI 

FORMULA 

Had 

MgClj-oHgO 

lUgSO^ 

CaClj 

XCL 

HaBEO- 

KBr 

Srdg-ÖHgO 

H3BO3 

HaF 

Total 

GRAMS/LITER 

24.51* 

11.10 

U.09 

1.16 

0.69 

0.20 

0.10 

0.04 

0.03 

0.003 

Ul.953 

1 Y_\ c-o^-ft 
54 

UNCLASSIFIED 
J j \\ r. j ACC!FiTD 



every 56 days when land based.  Washing aboard ship however, 
is a difficult task in part because of the effort to break 
the launch/recover/store cycle and partially because of the 
4-5 hours it takes to perform the wash plus post wash engine 
performance checks at sea.  The post wash requirement is for 
a high power check which cannot be done on the E-2C with the 
wings folded.  Once the wings are unfolded, the aircraft must 
be on the flight deck, which tends to shut down flight deck 
launch and recovery operations for other aircraft owing to 
the 66 ft span of the E-2C.  As a consequence of this plus 
fleet personnel not being particularly aware that salt     ...ffi- 
deposits were forming which would cause compressor stalls, 
many E-2C's never received an engine wash for their entire 
tour at sea, perhaps six months and 240-300 engine hours     fa 
later.  A number of these had experienced what the fleet ^   ;(( 

termed "bogdown", but generally only on one engine at a time. 
Bogdown was an uncommanded rpm loss usually accompanied by a 
compressor stall that occurred after a power lever transient 
on takeoff or landing, sometimes with both engines.  A 
primary and contributing cause was lack of surge margin from 
salt/soot deposits.  The cause was that the prop blade angle 
could not reduce as fast as fuel flow on a power reduction, 
RPM on the 100% constant speed prop would fall off, and the 
96% rpm triggered 5th and 10th stage bleeds which would open 
and frequently stall the downstream stages.  When water 
washing was enforced at 28 day intervals (every 40-50 hours) 
along with periodic cleaning and lubrication of the 5th and 
10th stage bleed valves plus keeping the constant speed 
propeller blade angle and it's stops in trim, the problem 
largely vanished.  The item that forced bogdown into becoming 
an action item for NAVAIR to correct was a double bogdown_ 
that occurred during a missed arrestment at night on a twin 
engine E-2C.  The pilot recovered, made a successful go 
around and arrested landing and subsequently received the Air 
Medal. 

During this same period, very similar T56 models in the 
land based P-3's experienced substantially fewer bogdowns, 
despite similar utilization rates and substantial amounts of 
operation at very low altitudes, even more so than the E-2C. 
The reason for their success is felt in some part to be due 
to the fact that P-3 squadrons get a daily overall anti- 
corrosion wash in the "wash rack" or "bird bath".  This is a 
large set of fresh water spray bars and nozzles through which 
the aircraft pulls itself slowly at walking speed with the 
engines at high rpm but low power.  Such a technique might 
prove worthwhile for the fans on a wingship.  However, cores 
are designed to keep water out, which suggests that washing 
of the core (high spool) would require some other means than 
external sprays to remove salt deposits. 

o F404-GE-400/F18 - On a sea tour, these engines are not 
normally washed until they return to port 6 months later. 
Navy statistics suggest that the F-18 community generates 



about 30-40 flight hours per month/aircraft.  During Desert 
Shield, the twin engined F-18's were used much more 
extensively than during an ordinary tour, sometimes up to 20 
Sou« in one 24 hour period.  NAS Lemore reported that some 
of the F-18s had experienced A/B blowout and automatic 
relight a second or so later immediately following launch 
mil  author's unconfirmed suspicion is that A/B blowout was 
due to a fan stall induced by inlet P-ssure distortion upon 
rotation with fans suffering from degraded SM.)  Alter 
unsuccessfully trying a number of thingsat the 
organizational level to identify and cornet the problem, the 
offending engines were given a wash and rinse jhileat sea. 
Dirt, dust and sharply eroded leading edges had been felt on 
the F404 fan blades from the desert environment nearby.  The 
A/B blowouts were said to never reoccur, even with the 
erosion, as long as the engines were regularly washed at sea. 

*1 When washing aboard a carrier is not pre-planned into the 
integration of operational flight and maintenance cycles ^ must be 
appreciated by the reader that this is a difficult task to arrange  The 
Sst tLe it was done out of cycle in 1983 on an E-2C at sea  it took 
14 hours just to get the E-2C into position to perform the wash. 

0 TF30-P-412/F14A - the first TF30 model was qualified in 
I960.  It has had a number of in-service Pr°blemfq^

th
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compressor and fan stalls to the extent that in 1985, PWA had 
conducted an R&D program to try to build a control that would 
let the engine operate safely while the compressor or fan was 
in stall.  Today, it is required that this engine go through 
the complete wash and rinse cycle every 125 hours regardless 
of how it is operated or based. 

o F100/F14B,D - GE has specified that this engine be washed 
based upon on-condition monitoring, rather than operating 

time. 

o T700/SH-60 - this twin engined ASW helicopter is used 
frequently to drop a sensor from a 20 ft hover and listen for 
signals indicating the presence of a submarine.  The mission 
and water wash procedures  for this vehicle should be of 
particular interest  to designers of large wmgships because 
of their similarity in operating height   to a large wingship 
and likely PPM sea  salt  in air content  of about   0.20 PPM. 
Sc/AD indicates that at sea, operators are advised to rinse 
the T700 engines with fresh water after returning from every 
mission and to give them a complete wash as well as rinse 
cycle every 60 hours of operation.  It is not believed that 
they are rinsed after every mission, but rinsing is 
nonetheless a frequent occurrence with the T700   It is also 
noteworthy that the manufacturer recognized the need to be 
able to readily facilitate this maintenance requirement and 
built in a wash system integral with 



the engine.  Using it is said by the manufacturer to be as 
simple as plugging into the aircraft with the wash hose. 
This is in great 
contrast with the amount of pre and post wash changes that 
must be made by a mechanic to some other engines, as will be 
discussed in the next section. 

o Commercial seaplane engines - small turboprops in the 800- 
1600 SHP range used on sea planes and amphibians are  usually- 
required by their warrantee  to perform a wash and rinse cycle 
once daily when conducting operations  from fresh or salt 
water. 

o  Commercial practice^ on larger engines - frequency can vary 
from every day for small engines to 1200 hours for large ones 
depending upon the problem addressed by the wash.  For 
example, if hot section corrosion is a source of high scrap 
rates from combustion formations of NalCl and fuel sulfur 
forming Na2S04, washes daily or up to every 250 hours are 
used.  If the problem is compressor deposits, a wash every 
750 to 1200 hours may suffice.  If too long a period has 
elapsed between washes, the adherent particles may require 
the ingestion of ground walnut shells (Carbo-blast).  Typical 
wash benefits include EGT reductions of 5 -10 °C. and fuel 
flow reductions of 0.5-1.0%.  Operators contend that even 
with the time and labor it takes to prep and wash an engine 
every 1000 hours, the process is highly cost effective._ The 
labor cost amounts to about 4 man hours or $0.14 an engine 
hour but the fuel savings alone, exclusive of part life 
extensions, are worth $2.00 an engine hour at $1.00/gal. 
From these data, if the degradation rate was linear with 
time, the break-even point on fuel savings alone would be 7 0 
hours.  (See paper attached. ) 

Items that Make Washing a Difficult and Time Consuming 
Process:       The message from this section is that a 
successful multi-engined wingship will require an engine wash 
system that is very well integrated with the engine, the_on- 
board airplane APU supplied starter air manifold system in 
lieu of a cross-bleed start..:*.*■: :,--.• ■ *;vi V..-.*: dock or tender it 
is being serviced bv..  T)..-: N::.-.,J ...i ■-..-,; 

;% ,.".f :..-.■ 
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flying.  The A(o) would fall to 50% or so in a high demand 
vehicle, which would be highly unsatisfactory and would 
require twice as many WIGs to be purchased in order to have 
the desired number available.  Since this is not likely, 
washing becomes the alternative. 

o Pre and Post Wash Configurational Changes Required Today - 
The T56 and the F404 will be used.to illustrate this. 

.,i       The T56 has no integral water wash system.  When a wash 
'Ü'required, the wash cart hose is manually filled and 
attached to the engine anti-icing (A/I) system.  Fluids are 
introduced there and exit into the gas path via A/I air 
discharge holes in the trailing edge of the 8 inlet guide 
vanes in the front frame, forward of the first stage 
compressor rotor.  This and other actions by ground personnel 
are required (as defined by the E-2C 28 Day Maintenance Cards 
at NATC, Patuxent River MD - reference c), as follows: 

Three people are required for the operation - one to 
work the cart, one in the cockpit and a safety observer to 
coordinate the two. 
Below 40 °F., when a 50/50 water-alcohol mix (which is 
flammable and cannot be used aboard a carrier) is being used, 
a fire watch and fire fighting equipment are required to be 
ready. 

1. Remove up to four access panels from each engine. 
2. Inspect compressor inlet housing, IGVs and first 

stage rotor for corrosion, FOD, cracks and salt 
deposits. 

3. Disconnect and cap four lines - inlet pressure to 
electronic fuel control, altitude static pressure to 
control, CDP supply line to A/I system, and 
torquemeter A/I supply line. 

4. Disconnect air hose to 5th and 10th stage low rpm 
surge relief bleedline at the speed sensitive valve. 
Cap off speed sense valve. 

5. Connect wash cart air hose to bleed valve hose above 
to force valves closed and keep wash fluids inside 
compressor. 

6. Connect wash cart fluid hose at torquemeter A/I 
connection. 

7. Attach ground starter cart to gearbox mounted 
pneumatic starter. Do not use cross-bleed for 
cranking or starting. 

8. Proceed with the wash/rinse cycles and then reverse 
steps 1-7 and return aircraft to normal 
configuration in preparation for post wash "dry out" 
engine runs at idle. 

For the E-2C, NATC/FW personnel state that a complete 
wash/rinse and dry task on both engines can be conducted_from 
the time the airplane is towed in until it is towed out in 
3.5 to 4 hours with very experienced ground support.  They 



felt that a more likely fleet time might be 4 to 5 hours. 
Since the actual time for the wash through dry cycle only 
takes about 45 minutes per engine, this suggests that the 
effort for pre and post wash preparation takes about 60 to 
105 minutes per engine.  If these engines were on a vehicle 
floating on water, with more difficult access to the engines 
being the likely case, the prep time might be more on the 
order of 2 to 3 hours per engine plus wash time or 5.5 to 7.b 
hours total for each pair of engines.  Using these same 
procedures, a four engined WIG vehicle would take 11 to 15 
hours for a complete wash/rinse/dry cycle.  Owing to the 
severe negative impact this would have upon A(o), procedures 
such as are now used on the T56 would not be an acceptable 
means of meeting the wash requirement. 

The F404 in the F-18 pre and post wash procedures are 
simpler than on the T56, however, it does not contain an 
integral water wash system either.  On the aircraft, a wash 
is preceded by the installation of an inlet duct screen and a 
single F-18 unique wash probe which is held in the inlet hole 
via a bracket and quick release pins. As with the E-2C, in 

freezing weather, a flammable water alcohol mix is to be 
used, with similar fire precautions being likely.  The only 
other special items to be accomplished by ground personnel 
before or after a wash/rinse/dry cycle are as follows: 

1. Service the "Oil Mist system". 
2. Apply external electrical power, apparently so 

three cockpit switches can be used to keep wash 
fluids out of the ECS and A/I systems which use 
compressor discharge air. _ - 
3a. On A/C 161353 through 161521 an engine bleed 

air   pressure regulation and shutoff valve must be 
installed for the wash. # 
3b. On all A/C after 161521, a special tool is used 

to make a 1/4 turn on the ECS water wash dram, 
apparently to open and then close it after the wash. 
The above two notes appear to be associated with 
ensuring that no wash fluids get into the ECS 
system. . 
4. Attach the wash cart hose to the inlet screen 

wash probe, attach the external ground starter cart 
and perform the wash. 
5. After the wash, ensure that water does drain 

from the ECS water wash drain. 
6. Post wash, reverse the above procedures. 

The total time for the above for both engines is 
estimated at about 45 minutes.  Combined with a  _ 
wash/rinse/dry cycle time for each engine of 35 minutes, a 
complete F-18 can probably be in and out of the tow bar for a 
wash in about 1.9 hours maximum.  The complications for a 
wingship floating on the water using this level of SOA would 
be: 



1. the use of an external starter cart and again, 
no use of the cross-bleed system 
2. getting access to an underwing ECS gravity drain 
3. physically installing some form of non-airframe 

wash probes in a very large fan with possibly a 
special connection for the core through multiple 
borescope inspection holes around the circumference 
of the core. 
Items 2 and 3 are likely worth about an additional 

1.3 to 1.5 hours per engine in a wingship 
installation, making the complete process time about 
4.5-5 clock hours per engine pair, or 9-10 hours 
for a complete four engined wingship.  Again, the 
large negative impact this would have upon 
availability would make these procedures 
unsatisfactory for a large wingship if it had to be 
done daily during operations. 

o Use of ground starter cart in lieu of an airframe APU 
supplying hot air to a manifold to each starter - the E-2C, 
the F-18 and supposedly all current US multi-engined military 
aircraft employ a cross-bleed starting feature which cannot 
be used during washes because it would get the environmental 
control systems wet. With this feature, once one engine is 
started, bleed from it can be used to self start the 
remaining engines without the need for creating a new hookup 
on the second nacelle with the ground starter cart.  Aircraft 
with four or more engines (B-52) can simultaneously start the 
remaining six once the first one is started and it cross- 
bleed starts a second unit.  For a wingship, this would be an 
enormously useful feature for simultaneous water washing - 
providing it could be used for this purpose.  The Russians 
got around this problem simply by installing several APUs 
inside the fuselage and running them to a manifold which went 
to each starter.  They said all engines can be motored over 
for washing at the same time on their Lun. Of the two 
solutions, a dry CBS or an APU/Manifiold, the later seems 
simplest. 

The F-18 information presented its cautions against 
using the cross-bleed feature in conjunction with concerns 
about keeping water out of both the secondary power system 
and the ECS.  Damage to the ECS from entrained water was a 
specific hazard mentioned. 

Without the use of either (1) a fuselage APU with 
manifolded distribution to all starters, or (2) dry cross- 
bleed for simultaneous washing, each engine must be done one 
at a time and with an external ground cart.   Thus, even with 
only minor mechanical chores to prep the engine for wash such 
as on the F404/F18, it would still take 4 to 5 hours to_ 
perform the complete wash task on a four engined wingship. 
If this restriction could be designed out of the system, it 
would reduce wingship wash time to under an hour. 



Obviously,   what  is desired for the wingship is either a 
fuselage mounted APU    manifolded to each starter or a 
combined and dry cross-bleed,   secondary power and EC system 
which keeps water out of the later two sub-systems.     The 
APU/manifolded system is far simpler and preferred, 
particularly since  the APU must be there anyway for other 
bleed air needs when in flight.     The dry CBS would require 
development   to  attain   the  dry  feature.      The   capability  for 
simultaneous    washing   and   motoring   of   all    engines    is 
identified   here    as   an    extremely   important    factor   in 
keeping    wingship    availability   high    and   probably   will 
contribute    more    to    overall    propulsion    availability 
than    all    other    engine    maintenance    requirements 
combined. 

The Easv Part - the Wash, Rinse and Dry Cycle: 

For T56 or F404, the first step in the wash procedure is 
to fill up the two tanks on the Jl-1 Wash Cart, one for rinse 
the other for the cleaning compound solution.  The rinse tank 
holds 26 gallons of "drinkable" fresh water, from any tap. 
If below 40 °F, this must be a solution of approximately 
50/50 water and alcohol - ethyl, methanol or isopropyl, which 
are all toxic.  The cleaning compound solution tank holds 7 
gallons.  The T56 information says the fluid put in this tank 
is to be 4 parts water and 1 part "B&B 3100" cleaner.  (B&B 
is a well known brand in both aviation and land based power 
generation gas turbines for at least the past 25 years, to_ 
the extent that USN maintenance personnel refer to the entire 
procedure as "B&B ing" the engine rather than washing it.) 
Allison indicates that owing to EPA restrictions, they 
currently recommend a preferred cleaner, which is titled 
"TC100", which was also acknowledged by the T700 source at 
NAWC/AD.  Concentration of the TC100 was not defined.  For 
the F404, GE recommends the solvent tank be filled with 3.1 
quarts of "MIL-C-85704 Turbine Engine Gas Path Cleaning 
Compound" and 24.9 quarts of drinkable fresh water which 
makes an 11% solution compared to the 20% for B&B 3100. 

The second step is to allow the engine to cool 
statically for at least 45 minutes from shutdown or until the 
indicated turbine temperature is under 70 °C (T56) or 160 °C 
(F404).  The assumed reason for this is to keep the wash 
water from flashing into steam when it contacts the hot 
section parts.  (It should be noted that when an engine is 
shutdown in flight and allowed to windmill or if it is 
motored over on the ground, it cools relatively quickly and 
can get to within 25 °C of ambient in a few minutes, 
certainly less than 10.)  Then prep the engine and airframe 
as previously defined and hook up the starter cart air hose 
to the engine starter.  Next, the wash is done as follows: 



For the T-56 

1. Wash cycle - using the ground starter air cart, engage 
the starter for 60 seconds and no longer (starter overtemp 
limit). RPM should be about 33%. Begin flowing cleaning 
compound solution into the engine at the rate of 3 GPM as 
soon as the propeller begins to turn over. (The reduction 
gearbox does not contain a clutch.) Shut down the starter at 
60 seconds, using a stop watch. Allow starter to cool and 
solution to soak for 10 minutes. 
2 Rinse cycles - manually switch the wash cart valve from 
wash to rinse and reengage the starter for 60 seconds while 
flowing rinse water at 3 GPM into the engine.  Shut down the 
starter at 60 seconds, and allow starter to cool and the 
rinse to soak for 10 minutes.  Repeat this one more time 'for 
a total of two rinse cycles.  Allow starter to cool for ho 
less than 10 minutes. 
3 Dry cycle - remove the caps from the disconnected engine 
sensor lines for Pt2 and ps7.  Reconnect the A/I line to the 
CDP transmitter. Start engine and run at idle for 10 minutes. 
Then turn on A/I system for 1 minute.  Shut down engine and 
reconnect engine sensor lines and CDP line to its 
transmitter. 
4. Performance check - replace nacelle access panels, restart 
the engine and do performance checks. 

Total elapsed crank and run time = 45 minutes 
Total fluids used = 3 gal wash solution + 6 gal fresh water - 
9 gal 
Engine Airflow at 100% RPM = 33 Lbs/sec 
Wash fluid/max airflow ratio = 24 Lb/33 PPS = 0.73 Lb 
wash/PPS max Wa 
Rinse fluid/max airflow ratio = 48Lb/33 PPS = 1.5 Lb 
rinse/PPS max Wa. 
Total fluids/max airflow ratio =2.2 Lb/PPS max Wa 

For the F404 

1. Wash cycle - motor the engine with the starter at 29-33% 
N2 and spray cleaning compound solution for 29-31 seconds 
(vice 60 sec on T56) once rotor reaches 29-33% rpm (same %_as 
on T56).  The flow rate is unspecified, but other information 
suggests the rate is about 6 GPM, allowing 3 gallons of fluid 
to be used.  Shut down starter and let everything cool and 
soak for 5 minutes (vice 10 on T56). 

2. Rinse cycles - motor the engine with the starter,_flowing 
rinse water into the engine for 1.5 minutes (vice 1 min on 
T56) once it attains 29-33% N2.  Continue to motor starter 
for 1 minute after water is turned off. (vice 0 on T56)._ 
( Test cell operating instructions indicate the starter is 
shut down and allowed to cool for 5 minutes before 
proceeding.)  Repeat the rinse by motoring over for 1.5 



minutes while spraying water, and continue to motor over dry 
for 1 additional minute.  Do the rinse and motor dry cycle a 
third time or until all the fresh water in the rinse tank is 
used up.  The use of 26 gallons of rinse water in 3 rinse 
cycles of 1.5 minutes each suggests that the flow rate is 
about 6 GPM. 

3  Dry cycle - after returning the engine to its normal 
configuration, it is started with the ground starter cart and 
run at stabilized idle for 1 minute.  The ECS switch is then 
set to "AUTO", the A/I system is turned to "ON" and the ...$f 
engine is run at idle for 5 more minutes. 

Total elapsed crank and run time = 34 minutes. *\ 
Total fluids used = 3 gal wash solution + 26 gal rinse water 
=29 gal ,    , _ 
Airflow at 100% N2 = 140 Lbs/sec, with 0.1 BPR through 3 
stage fan 
Wash fluid/max airflow ratio = 24 Lb/140 PPS = 0.17 lb 
wash/PPS max Wa 
Rinse fluid/max airflow ratio = 232 Lb/140PPS = 1.7 lb 
rinse/PPS max Wa. . 
Total fluids/max airflow ratio =1.9 Lbs/PPS max Wa (vice 2.2 
on T56). 

Suggested Wash Frequency and Fluid Quantities Required: 

The following is based upon the preceding information 
and what is felt to be the likely salt environment for a 
"Spasatel" type vehicle with four PWA 4000 series, 8:1 by 
pass ratio turbofans in the 100,000 lb thrust class.  A 
single stage fan discharging into the fan duct is 
anticipated.  Very key in defining the requirements are the 
observations that (1) the T56 and F404 appear to use similar 
amounts of total wash and rinse fluids for their airflow 
sizes - roughly 2 lbs total fluids/PPS of max engine airflow 
and (2) the PWA 4000 series of engines has a multi staged 
core but only a single stage for the very large fan.  This 
prompts the assumption that compared to the three stage fan 
of the F404, the PWA 4000 fan will require l/3rd the amount 
of specific fluids/PPS max airflow for a wash or a rinse that 
either the F404 or T56 does today, ie 2/3 Lbs Fluids Max Wa 
and not 2 Lbs Fluids/PPS Max Wa. 

[The thought of using a single fluid injection point in 
front of the fan for both fan and core is rejected.  This is 
because most core flowpath entry designs are laid out with 
inward bends to discourage the entry of water.  This is a 
requirement to avoid severe and unrecoverable core RPM loss 
during low power descents in rainfall (apparent rain induced 
flameouts), which has been a very serious operational 
deficiency with 2 known commercial turbofans and at least one 
military turbojet.  It has been a contributing factor in at 



least one commercial crash - DC-9, SA 242 in April 197 6, New 
Hope GA.  Thus an integral wash system, one for the fan and 
one for the core is desired.] 

The frequency and amount of fluids below are suggested 
as a starting point for in-service water washing and would be 
what an RDT&E effort would be expected to try, evaluate and 
modify in order to end up with a workable operational 
procedure: 

1) Engine wash frequency:  Use an engine'diagnostic system to 
track and flag on shifts in characteristic operating lines. 
In the absence of this diagnostic, rinse after daily 
operations as much as is practicable. J$O a complete wash 
plus rinse only every 60 hours of operations, or when the 
diagnostic system shows an incomplete return of operating 
lines following a wash. 

2) Approximate fluid requirements:  Sized for a max airflow 
at 100% of 2850 PPS, 356 PPS of which go through core. 

o Single stage front fan - l/3rd of 3 stage F404 
specific flow requirement or (2850 PPS x 2 lb/PPS)/3 = 1900 
lbs total fluids, which is made up of 190 lbs wash fluid plus 
1710 lbs total rinse water. 

o Discharge into core stream just aft of front fan stage 
- 356 x 2 or 712 lbs of fluids, which is made up of 71 lbs of 
wash fluids plus 641 lbs of total rinse water. 

A complete wash and rinse for one engine would require 
190 + 71 = 261 lbs of wash fluids (33 gallons) and 1710 + 712 
= 2422 lbs of rinse water (303 gallons).  The 33 gallons of 
wash fluids contains 11% or 3.6 gallons of "MIL-C-85704 
Turbine Engine Gas Patch Cleaning Compound" and 28 gallons of 
fresh water.  The total fresh water requirement for the wash 
and rinse is 313 gal.  Below 40 °F, the water requirement 
will be about half of this since 50% or 153 gallons must be 
ethyl, isopropyl or methanol alcohol. 

One complete wash and rinse of four engines requires: 
o MIL-C-85704 Cleaning Compound = 14.4 gal 
or 621 gal. water plus 621 gal alcohol if 
below 40 °F. 

Wash System Constraints and Svstem Design Highlights for a 
Multi-Engined Wingship 

The preceding discussion has illustrated two major 
points that become major constraints for a multi-engined 
wingship that system design will likely have to accommodate. 
The first is that the time to wash four or more engines per 
vehicle on a frequent basis can become a major detractor from 
vehicle availability if it is done the way it is presently 
accomplished today.  Unless some relatively simple design 
requirements are accepted, operators could conceivably spend 
as much time washing engines as flying them.    The second is 



that substantial amounts of wash fluids will be required that 
will have to be replenished on a frequent basis.  The second 
item poses solvable problems in three areas - (1) the 
frequent acquisition of large quantities of fresh, drinkable 
water, (Note that in an emergency the Russians were prepared 
to use sea water to remove engine internal salt deposits.) 
(2) dealing with the fire hazard and logistics of supplying 
enough alcohol for a 50% solution with both wash and rinse 
fluids and, (3) dealing with any environmental requirements 
that the discharge fluids containing both cleaning solvent 
and alcohol may pr#s'ent.  The following identifies major 
system features that are needed: 

o Desired system highlights: 
1) The capability is required to perform tue 

entire wash from the wiixgship flight deck and to begin 
the procedure within a few minutes of coming into tue 
dock or wig tender.  This will enable the wash to begin 
while the main operation is loading or unloading and the time 
does not count against engine unavailability.     _ _ 

A two hose system from the dock containing wash 
fluid" in one line and rinse fluid in the other m lieu 
of today's manually operated "Wash Cart".  These hoses will 
attach quickly into the wingship by the first crew member off 
the ship.  The required dock flow rate to wash several 
engines simultaneously will be 63 GPM/engine for the wash 
line and 100 GPM/engine for the rinse line.  For each day ot 
wingship operations, the dock or tender will need both the 
storage, daily acquisition and possibly some waste storage 
capability for 3.6 gallons of engine cleaning compound, and 
313 gallons of fresh drinkable water with half this in 
alcohol in cold weather per engine on a wingship. 
Environmental compliance for training in US waters will 
likely require a collection system and storage for used 
engine water/alcohol/soap mixtures.  See DoD Ins 5000.1. 

A three way electrically powered valve at the 
dock "controlled from a vehicle "Wash Panel" on the 
flight deck is needed to effect wash, rinse or dram 
as desired.  The drain will require a dock "catch tank" to 
drain the airframe system of flammable water/alcohol fluids 

A single "fluids header" line on the wingship 
that delivers either wash or rinse fluids to each engine as 
commanded at the three way valve. 

. Separate fan and core valving at each engine to 
admit fluids. 

Internal and permanently installed fan and core 
wash nozzles or probes. 

Switching on the vehicle "Wash Panel" to permit 
the operation of appropriate airframe system drains, 
closing or opening of engine sensor lines, A/I lines, 
etc. so the wash can proceed without the need for physically 
sending a mechanic into the nacelles to make changes as is 
done today. 



2) An on-board APU/manifold system that will 
allow all engines to motor over simultaneously at 18% 
RPM for periods of up to 20 minutes, continuos duty without 
overheating. 

3) If a dry cross bleed start system is elected in lieu 
of the above APU, then a means from the "Wash Panel" is 
required to keep wash fluids out of all secondary 
power systems serviced by engine bleed.   This includes 
the environmental control system, secondary power systems, 
constant speed drives and any other customer bleed item. 

;•'£'''This is needed to be able to use the cross bleed system for 
motoring the engines instead of using an external air source 
as is done today during a wash cycle. 

**< 
l      If the above can be built into the wingship dock 
and airframe/engine systems,  it is very probable that 
the combined wash/rinse/dry cycle for all engines can 
be done in well under 60 minutes, and possibly as few 
as 30.   This allows for a 20.5 minute wash/rinse, followed 
by a 10 min idle run to ensure dryness.  If this can be 
done by wingship personnel while the vehicle is 
loading or unloading,  the detraction from vehicle 
availability may be nil. 

For definition purposes, an engine wash/rinse/dry 
cycle would be as follows: 

. 10 min - motor engines at 18% to cool off prior 
to   fluid injection 

- wash 
- soak, starter off 
- rinse 
- motor dry 
- rinse 
- motor dry 

- start and idle run to ensure dryness 

0.5 min 
5.0 mm 
1.5 min 
1.0 min 
1.5 min 
1.0 min 
10 min 

total time for full wash (every 60 . 30.5 min 
hr. ) 
. 25.0 min - total time for rinse only (daily 
operations) 



WATER WASH PRACTICES  INFORMATION 

Commercial 

.  T56/E-2C+ 

.  F404/F-18 



water waaa •««/ /*>9 * 

0w 9  *10fW9aw** geei^aieiej»  «ejaw^ 

thai rtn§ la »aamaaaa 
toir«« Iaht aalta vaaa raatt 
to maMlmlaa watar flaw 
MM MW f «f ««M. 

Inside and Out 
Engine gas path watar washing could help you keep 

them on the wing longer and burn less fuel 

ly J. K. tUTM 
Mww0wMiMMMM4 Qpewfew 

GcmmmoMI ***** OMflbA. (MM 

ftvtf« manayOrouo 

The escalation of aircraft XIMI 
and maintenance resour» costs In 
the pint few y«tft twa mid« UM 
March for way« to reduce those 
eeati tBOMCstngiy Important to ett- 
craft operators. Many oparaton 
havt found that pariedle jet angina 
gaa path eUanlng, uatnf a watar or 
detergent ingmaüon procedure, (a a 
eost-etfeetlve maana el maintaining 
angina parformanea merglni and 
maximising en-wing time. 

Baeauaa of the importane« of thU 
matntanenea procedure throughout 
tha induatry, wa will attempt here« 
In. lo describe aome of the back« 
ground, experience, end currant 
procadurea pertinent u water and 
detergent washing. 

Turbine engine gaa path open- 
ing, through ingaation of a cleaning 

medium, haa bean performed for 
many yaera to help counteract 
toms in eempreaaor airfoil ein- 
cianey. Compreaaor bledea and 
vtiiM an subject, evar a parted of 
operating time, to the aocumulation 
of contaminant! auch at dust, dirt, 
ult, hydrocarbon reiiduM. and cor- 
rotion product«. TheM eocumula- 
Mona can MUM Increued angina 
exhaust gas temperature (EOT), in- 
creased fuel flow, and an inorMaed 
tendency for anginc «urge or com* 
preaeor stall. 

Early in the hUtcry of (at 
anginas, it wu found that periodic 
removal of thoM contaminant accu- 
mulations, by ingeation of a ctan« 
ing medium, could be an effective 
mcane of reducing BOT and fuel 
flow, end restoring engine surge 
margin. Tha initial cUaning madia 
used often consisted of nna MIIU- 
lose-baMd abrasive perdculatee 
such as ground apricot pita, paean 
shells or walnut shells. 

Ona prominent angina manufac- 

turer today spedftM the UM 
finely ground coke M a gee pet. 
eleening medium. With tha edvant 
of Increasingly Mphistiested tor- 
bin« cooling schema«, and leby. 
rinth-type main bearing Mal«, most 
manufacturers now recommand tha 
UM of water or watar/detergent gas 
path cleaning to evdd accumula- 
tion of claaning medium parucui 
in ertucal cooling air pamgn and 
in the oil system. 

gome operator« report that gas 
path washing hu teen extremely 
effective in reducing their turbine 
parts scrappage rate due to sulnds* 
«on. But more on this leter. 

Cas path washing cen be em- 
ployed either on installed engines 
or on engines In the test all. The 
procedure usually involves spraying 
water, or a water/detergent wlu» 
«on. Into the compressor inlet at s 
prescribed flow rate for e or«- 
scribed period of time, while mo» 
taring the engine with the sterter. A 
general discussion of procedures U 
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provided later in the erticle. 

Procedures and benefits very 
Water wash procedures end «till« 

ration schedules vary among opera« 
Ian, based on their own experi- 
ence. Some operator» only uta (ha 
procedure whan engines exhibit 
BCT-iimlted operation or com* 
preiaor «urge. Other operate» em« 
?loy the prooadura on a regulsr 

aiia for installed engines, as a 
pravantive msintananca meeeure, 
to retard ths buildup of compressor 
contamination snd maintain operet« 
ing msrgini. 

As a mult, thare la a wide varia« 
tlon in benefits raportad by users. 
A aurvey of commorcie! airlina 
experience shows thai tha follow- 
ing result! snd benefits ere rapra« 
eentettve: 
e ECT reduction« following wash- 
«typically vary from five to 10 

iigrada   dagraaa   (nine   to   18 
renheit degrees] reletiv« to tha 

pre-weshed condition. 

e Fuel flow raduetiona typically 
vary from 0J percent to to per* 
cent. 
e Wstsr wash sppesrs to be moat 
effective in maintaining ECT snd 
fusl flow level« If a program of 
periodic washing is Implemented/ 
following compressor refurbish/ 
ment to retard the buildup of eon«1 

taminanta on gas path components. 
Intervals typically vary from 780 to 
tiOO hours. 
e Repeated or multiple water ap- 
plications are generally recom« 
mended during wash of an individ- 
ual engine. Bach application Is 
allowed to "soak" end loosen con* 
uminents for a specified period, 
and subsequent sppliostions thsn 
flush sway tha eontsmmation. 
e Engines whioh hsve operated for 
«everal thousand hour« since first 
entering service, or since refurbish- 
ment without washing, may have a 
contamination buildup which is re« 
sistant to water wash slone. Deter, 
gent washes ars sometimes effec- 

tive in these cases, but they can 
require special flushing procedures 
or other limitations on iiaega es 
specified inthjMbhlma u! 
mertGtacmFers documents, 

'c Weter or detergent solutions 
hasted to ISO* to 170*C (S02* to 
996'F) have been found to be more 
effective cleaners then those 
emblent temperatures. ^^ 

*«ur>n«ryo-« mini owjinitirriis high 
scrappege rates for turbine parts 
because of aulftdation hsve re- 
ported substantial reductions in 
scrap rstes when e more frequent 
weter wash schedule is employed. 
Weter wash intervals, varying from 
daily for small engines to 290 hours 
for larger engine* have been re- 
ported as useful in flushing ewsy 
contaminants which accelerate the 
hot corrosion process. 

Perhaps an example would best 
Illustrate the potential savings (sea 
Table 1). If we look et a twin TT8D 
engine installation, and assume 
some typically reported costs and 

AN m 



Inside and Out... 
water wash benefits, it'« easy to IM 
why many operatora regard watar 
wathing M being aartramely cost- 
effective. 

The ejcample In Table 1 does not 
consider potential savings In tur- 
bint porU scrappage easedated 
with water with BGT reduction 
or sulsdaden prevention, these 
added benente furthor «nhinoo the 
attractiveness of wit« washing a« 
a simple, eeat-affoattvo meinte- 
naaea procedure. 

Proeedurae require «valuation 
Watar and detergent wath proea- 

dureo require careful tvaluatlon to 
angora that anflna (and airframa, U 
liutallad) matarlala and ayttems art 
not advanaly affected ai a result of 
me procedure. Following ara aoma 
ooneideretlone. 

Datarganti should ba avahutad 
and apprevad by the angina manu* 
feeturers (or eompetibilUy with tha 
material« and coatings In (ha an- 

na.  Typical  analysis.  pHor  to 

approval, Involves determination of 
tha presence of elements which 
an form harmful adde or alkalUs. 
hot corrosion characterlstica. and 
titanium atram corrosion character« 
Jattc*. A aimllar approval ahould ba 
obtained from tha nacelle or air- 
frama manufacturer, If tha proce- 
dure la to ba used on Ineteiled 
engine*. . 

Water muit be clean. Potable 
watar la acceptable In meat pro- 
cedures. However, aome specify 
minimum ehlorlde ievela and 
aome specify demtnereliud watar 
mage. 

Each angina mutt ba evaluated 
to determine «pacific ayeteme 
which muat be laolatad or protected 
from tha cleaning medium. Specific 
attention ahould be frven to eye- 
tami utUklng engine air meed, 
auch M control eyeteme censors, 
•ervice air bleed, end eeceaaory 
heating/cooling ductwork. 

Water or detergent waah require« 
ments, reaulting from these evalue* 

.'• T#ica7iSwash^^ - OJ owoaot .&,{>*• 
• Assume evereoa fuel «ew^uctio« * 04/2 • a4pe??eftv 

•      . TlmvJutJ Hving» - ftpÖ4 MW - «.OP/enfllnehoW:&■.. 

* wa/e^WiniÄ^ 

HftM wtf» WM**& a ****** 
«*«*» ***•*****" •*•/ 
muM,äm*t wafers*»»**** 
A» **W* AW* 
fene. ere specified In the «ngtoe or 
airframa   manuueturer'a   meinte- 
nanoa manual waah procedure». 

Although Ifr Important to ab* 
urve the epedfic watar or deter- 
gent wesh ftfoeedures spadfied w 
tha engine or airframa menufectur- 
er'e maintenance manual*, aome 
operator«, after giving consideration 
to these racctjunendadona. go on to 
develop thdr own veralon of e 
procadun. baaed on their own 
needi and -whet work» beat for 
them." WWIa menufecturer•, and 
operators* procedures vary to aoma 
extant most seem to follow e 
aequenca like the following. 

Preparation 
Tha engine la given a general 

preparation for washing, first, by 
disconnecting pneumettc instru- 
mentation Unas, cooling ducts, and 
accewory component sense lines 
and either capping them off or 
connecting an air supply »*» «he« to 
flow eir back Into the engine. Ser- 
vice air bleeds ara blanked off or 
dosed, and the Ignition system U 
disconnected to ensure it will not 
be activated during the wwh pro- 
cedure. Some msmifeeturere speci- 
fy   removal   of   instrumentation 
probes. ,   t. 

Wster flow equipment U then 
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Itatef a ««ecto/» itnltiun* KSJ*/ «VMOM «to« If • «MOM tmMhyul ey see» •***•** to «MM «a« «a* «eat 

«asembled u specified In the pro« bofan   engines  to  eontrifuge  the 
oedure being followed. Th« «pray deening solution Into th« fan dl»- 
device e«n consist of a «imp]« no*- charge duet, and ml« tha cor« gat 
•1«. although aoma ttt o«U appllea- path, aem« operatora hav« devel« 
none utilise multiple nosslae or cpad a method (or direct dlaoharg« 
apray ring«. of deening aoracJen into the core 

Seme engines wim Ubyrwuvtypa behind (ha fan rotor. A typical 
main  bearing  eaali  require  oil method involvei (he ute of e dean« 
drainage end eubecouent preesuri- big solution Injection pipe, which (a 
■atton of' the breather system to inaartad into the fan duet from the 
prevent e detergent deening sohl- rear of tha engine, until the for- 
«on from contaminating'the anginc ward end of the pipe ia pottttoned 

$i 

oil 

^Appfloatlon 

IBrhe engine ia usually motored 
^Wth me «tartar, end tha deening 

aolutton ia «prayed into th« com* 
preteer inlet for the prescribed 
•mount of time, end et the reeem- 
mended flow rat«. In turbofan 
engine applications, the apray ia 
generally directed at the fan blade 
rootf to permit ea much aohition ea 
ponible to enter the angina cere 
«action. Starter operating limitation! 
muat be obaervad whila motorm« 
ft« engine for en extended period 
of time. 

Moat proeadure« specify «pray 
application fallowed by engine run* 
down end a «oak period for aeverai 
minute« to loeaan tha contaminant«. 
Then the proceaa (a repeated one or 
more times. Oetargent wesh proce* 
duraa usually require e final rinae 
application, uaing plain water, to 
flush away the detergent 

Some engine procedure« permit 
cleaning to be accomplished with 
the engine running et Idle. 

Jtaause of tha tendency for tur* 

behiad UM fan blade«,'Just out. 
board of the entrance to tha lew 
preafura compreiaor cor« gaa path. 
The pipe ia configured with a hook 
or bend at the forward end which 
directs claaning aolutton rearward, 
diraetly into th« core gaa path. 

8oma operator« who have a 
■ever« turbln« blade hot corrosion 
(«ulndation) problem utilise a pro- 
eadure wherein the igniter plug« 
ere removed and water ia injected, 

to ten minutaa at idle. <p slightly 
above, to dry out the gaa path and 
prevent eorroaion or freezing be* 
cause of «ntrappad water. During 
this run, moat procedure« epedfy 
that anti-icing air end aervloe air 
bleed valve« be activated op«n and 
cloaad to ensure that any trapp«d 
water ia purged. 

A detailed atudy of engine wash 
procedure«, experience, and data 
inevitably l«ad« you to several con- 
elusion«. 

Although not all aircraft opera- 
tor» claim «uceass with thesa proea- 
dure«. many of them do. Lack of 
success may have been due to 
attempting, the procedure en en* 
ginss which wars too badly con- 
taminated or corroded to permit 
effective watar or detargant wash. 
Brill, if you are not presently using 
watar or detargant wash, chance« 
are that adoption of one of the 

with epcdaUy designed probes, into approved procedures for your an- 
th« combustion chamber through gine will prova to be beneficial and 
tha igniter port«, Because this pro-     eest-eftectiva. 

Twit 

cedure only injects the water at 
two circumferential location», it 
dees not provide effective «overage 
in flushing contaminsnts from auric 
turbine parts. 

Restoration for eervice 

If the oil waa drained in prepa- 
ration for detargant wash, the oil 
tank «hould be refilled. Most pro- 
cedures than «pacify that engine 
{maumatic sense tines, eooling 
in««, and instrumentation be re- 

connected, ignition drcuits reacti- 
vated, and the angina run for five 

WVINfrOOUO PU8UCAT10N 

Engine waah preeeduraa are nor 
only effective in cleaning tha gas 
path for performance restoration: 
they also can be employed, in some 
engine«, to remove hot «action con- 
taminants which accelerate «ulfida* 
Hen snd resultant part aorappaga. 

Again be sura to observe the 
engine manufacturer'« published 
procedure« (or watar or detergent 
washing. In addition, if you plan to 
wash engines white installed on the 
aircraft be cure you conform to the 
appropriate alrframe or nacelle 
manufacturer's recommendations. X 
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ORGANIZATIONAL MAINTENANCE 

UNS MAINTENANCE PROCEDURE» 

ENGINE-WATER VASH 

Reference Material 

 ,. NAVAl» 19-20D-1 
Conoslon Control Cmtt    At-PieAC-410-800 
Bnvi«mm«t*I Control J**«»  A 

Engine I   *& Air P"**1** , , WP0Ö5 00 
.   H^ioaarfShutoffValvo  I^fiiAC.LMM-010 
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WARNING 

Gleaning compound *nö caiaat nerfoua injury If not 
bandied correctly. Wmr rubber glove«, rubber apron 
and protect!«« tos» «Meld. If material eonteeb the 
•kin «i «yea, fimh trw area uanwdUt«ty with water 
«ad report to modieel fWdlity. 

Methanol is flammable, do not uoe near open flmwi 
or very hot eurfaeee. It swallowed it nwy bo fetal or 
cense blindiMt». It cannot bo node nonpwooowu. 
Vapor* are harmful. Avoid prolonged or repeated 
breathing of vapors. Do not n«o «hen ambient 
temperature I« «ho»« 40*F, unless «doquate ventilation 
it provided aecofdJag to local code«. Solution of 40% 
methanel «ad 60* water to flmnmable and «bould be 
treated «A a flammabl* mixture. 

*\ 

CMTHON 

Engine mutt b« allowed to cool for 46 minutes and T*e 
muat be below 160* C before doing tbio prooedure. 
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2. WASH PROCCOURE. 

.. Po«üon oorrodon control ewt in front vf «In« are« ^»»^7 

10 feet from inteko- 

h. Connect «l**ning oompound h«w from corrosion control «rt to 
quick «lü«onnoot on War «<«** «d«pur (figuro 1). < 

To prevoat FOD, «rta «round intMee murt bo *•• of 

before motoring cngino. 

« Moke cur. area .round iiü-ko fa» tcm of for*«n objoeto «ad •» 
equipment i» oocure befor« motoring «mgino. 

CAUTION 

To ««ro ongino » not neddonttHj ««tod during 

OFF potiöoo. 

d Tocn.uroenfl«oi«wt«^d«uay«^di»^ö^ 
«iS Soldboth'throttl« in th« OFF portion nnd movo throttle 
action lock forwud to «ppljr full friction. 
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A1-F18AC-LMM-000 ,„, ■ 

^^ «,  .^ .iur atoner »olution to «>•* 

in cngino for »pprownrfrfy * nuo 

h. Disconnect do^* *>»£*"* 
diuonnoct on water «h ^apt*. 
a*  Jää control cart to quick 

dbeonnoct on w«Ur ««A *»«pwr« 

u    ^^eontliww»**0"***'* k. Shut fro* **t«r vriv« ** -* «*ttM» 

corrosion c«t hw *•«»tti*d *w ^M" 

m. Shift ^«*U»(WP<tf2 CO). 

3. V«SM COMPUETIOM. 
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.   CAVTION 

To pravent watar from «ntaring Saeondary Powar 
Syrtom,do not eroooUood »Urt «uglnw. UM APU or 
ground cart. 

If water do« not drain from automatic drain valva, 
Mood «if component« may be dsmog«d during angina 
operation. 

L Observw water diwning from angina blead ah- duet automatic 
dram valve and allow it to stop draining. 

j. Start angina (Wpoa 00) and stabiliza at ground IDLE for i 
minut«. Do not crossblssd atari anginas Uao APU or ground «art. 

fc. After 1 minato at ground IDLE on ECS panal mumbly, set BCS 
MODE switch to AtJTÖ. 

L S-tANtlXCE ENG twitch to ON. 

m. Continua to nm aagino for a minimum of 6 minuta» at pound 
IDLE to Nowv« o»B«a» wator. 

a. 8atANTI ICE ENG switch to OFF. 

o. Shut do«m engino (WP028 00). 

4. ILLUSTRATED PARTS BREAKDOWN. 

6. ThU illustmtad parts breakdown has data roquirtd Tor identifying and 
ordering part«. The manual introduction has more information on IPB 
data. 
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INTERMEDIATE MAINTENANCE 

ENGINE WATER-WASH 

Part Nos. 6046T10G01 
6084T00G01 

This WP supersedes WP 015 00, dated 1 September 1989 

Reference Material 
. L„            w     ,i OPNAVINST5100.23B 

Navy Occupational Safety and Health Program Manual       A1-F404A-MM1-200 and-210 
Intermediate Maintenance Manual  WP016 00 (Vol. 1) 

Preparation for Test   ••••••• • ; • ^ AM'p' '• '  WP017 00 (Vol. 1) 
Operating Units and Test Procedures WM-Gg-Jggg»  SWP017Ü1 Vol. 1) 
Operating Limits and Test Procedures F404-GE-402 Engine  

Alphabetical Index 
Page No. 

Subject 

Installation of Water-wash Set 21C8071   '. •   - * 
Introduction  . 
Removal of Water-wash Set 21C807J  
Water-wash Using Water-wash Set 21C8071  

Record of Applicable Technical Directives 

None 

Support Equipment L   INTRODUCTION. 

DaftM« Nomenclature 2.   This work package (WP) contains detailed 
Part No. Nomenclature instructions necessary to water-wash the engine while 
21C8071G01 Water-wash Set, Engine Test Cell        installed in the test cell (WP 016 00). 

21C8071G02 wSSÄÄ        3.   ™*r^™ OF WATER-WASH SET 
(Supersedes 21C8071G01) 21C8071. 

21C8501G01 Nozzle, Inlet PwARNING 1 
21C8505G01 Oil Mist System |jr¥Micmww | 
65A102J1 Cart, Corrosion Control ^^ ^ ^ 

Materials List (Consumables) 
Wear goggles when removing safety wire. 

Specification or        Nomenclature 
Part Number a.   Remove safety wire, bolts (5, figure 1), 

. ■ .     _ blankoff pads (4) and gaskets (3) from 1^0, 4:30, 
M1L-C-85704 Compound, Turbine Engme Gas 7;30f ancj IQ:30 o'clock positions of inlet nozzle (1) 

Path Cleaning 21C8501. 
O-M-232 Methanol (Methyl Alcohol) 
MS20995N32 Wire, Safety 
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1. Inlet HoitU 
2. mterv«stt Set 
i. fitsktt 
4. BUnk-off Pad 
5. BöU 
6. (Utktt 
7. MH 
B. PUtt 
«. Coupling FA.T.5-US9-0 
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b. Position engine test cell water-wash set 
(2) 21C8071 so that coupling (9) is located at 10:30 
o'clock location (aft looking forward). Be sure that 
arrows on plates (8) point toward engine. 

c. Assemble gasket (6) and plates (8) to 
inlet nozzle. Secure plates with bolts (7). Torque bolts 
to 100-120 lb in. 

d. Safety wire bolts by the double-strand 
method, using 0.032-inch safety wire. 

I CAUTION] 

• Do not water-wash engine if ambient 
air temperature is below - 15V 
(-25*C). Ice damage will result. 

• Engine shall be allowed to cool for 45 
minutes minimum before spraying 
water into compressor. T5 shall be 
320V (16CTC) or below. 

• Anti-icing valve shall be closed during 
entire water-wash procedure. 

e. Do not water-wash engine if ambient 
temperature is below - 15V (-25*C>*Allow engine 
to cool for 45 minutes. T5 shif be 320*F~(160*C) or 
below. Be sure anti-icing valve is closed Check switch 
position and light indication. Anti-icing valve is closed 
when energized. 

f. If ambient temperature is above 40V 
(4*Q, go to step g. If ambient temperature is 40V 
(4'C) to - 15V (-25'Q, do the following: 

m 9. 
Methanol, O-M-232 83 

(1) FQl water-rinse tank of corrosion 
control cart 65A102J1 with a solution of 10.4 gallons  • 
of methanol and 15.6 gaüonsjof fresh water.    ' t* «J\. 

(2) Pour solution of 10 quarts of 
methanol and 15 quarts of fresh water into solution 
tank of corrosion cart 

(3) Go to step L 

g.   Fill water-rinse tank of corrosion control 
cart 65A102J1 with fresh water. C%»M 

h.   Pour 24.9 quarts of fresh water into 
solution tank of anti-corrosion cart. 

IBIKIQBE& 
Turbine Engine Gas Path 
Cleaning Compound (Full Strength), 
MU.-C-85704 

17 

L   Add 3.1 quarts of turbine engine gas path 
cleaning compound to solution tank. 

j.   Connect quick-disconnect hose that is on 
solution tank of corrosion control cart to coupling (9). 

4.   WATER-WASH USING WATER-WASH SET 
21C807L 

f CAUTION 1 

• Do not water-wash engine if ambient 
air temperature is below - 15"F     ] 
(-25"Q. Ice damage will result 

• Engine shall be allowed to cool for 45 
minutes minimum before spraying 
water into compressor. T5 shall be 
320V (lÄTC) or below. 

• Anti-icing valve shall be closed during^ 
entire water-wash procedure. MW 

a. Do not water-wash engine if ambient 
temperature is below - 15V (- 25*C). 

b. Allow engine to cool for 45 minutes. T5 
shall be 320V (160*C) or below. Be sure anti-icing 
valve is dosed. Check switch position and light 
indication, Anti-icing valve is closed when energized. 

EzzxKnzia 
Oil Mist System 

i 
Before servicing oil reservoir on oil ° 
mist system, be sure air supply is shut 
off at source. ' 
Eyes can be damaged by contact with 
oil propelled by compressed air. 
Inhalation of oil vapor can damage 
lungs. 
If there is any prolonged contact with 
skin, wash area with soap and water. 
If solution contacts eyes, flush eyes 
with water immediately. Remove 
saturated clothing. 
When handling liquid or working 
around oil mist, wear rubber gloves, 
goggles, and approved respiratory 
protection in accordance with 
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c   Check ofl level in reservoir of oil mist 
^felCBSOS through sight gage. If oil level is low, 

shoVo air supply to oil mist system and service 
reservoir in accordance with manufacturer's instruc- 
ts  s. 

d. Turn on oil mist system 21C8505. 

NOTE 

Higher than normal temperatures at 
staner shaft bearing housing may 
indicate that oil mist system 21C8505 is 
out of oil or air supply is shut off. 

e. Rotate engine to about 24% N2. If starter 
shaft bearing temperature exceeds 200T (93*C), turn 
off starter. 

f. Adjust pressure regulator on corrosion 
control can to 60-65 psig. 

g. Turn cleaning solution valve on, spraying 
solution into engine for 30 seconds. 

a.   Turn off cleaning solution. 

• 

Turn off starter. Wait 5 minutes for 
solution to soak into engine. 

j.   Disconnect supply hose from coupling (9). 
Connect quick-disconnect hose that is on water-rinse 
U c on corrosion cart to coupling (9). 

k.   Rotate engine to about 24% N2. 

1.   Turn water-rinse valve on, spraying rinse 
ir.~i engine for 2 minutes. 

m.   Turn off water-rinse. Continue to rotate 
ei ine for one more minute. 

n.   Turn off starter and wait five minutes. 

o.   Repeat steps 1 through n two more times, 
for a total of three times. | 

p.   Turn off staner. Decrease pressure 
regulator to zero and disconnect rinse hose from 
coupling (9). 

q. Start engine (WP 017 00 or SWP 017 01). | 
Operate engine at GROUND IDLE for 5 minutes. 

r. Operate anti-icing valve (WP 017 00 or I 
SWP 017 01). Observe PS3. When PS3 drops, turn off | 
anti-icing valve. 

s.   Make normal shutdown (WP 017 00 or 
SWP 017 01). 

L   Turn off oil mist system 21C8505. 

5.   REMOVAL OF WATER-WASH SET 21C8071. 

I WARNING] 

Removing Safety Wire 

Wear goggles when removing safety wire. 

NOTE 

Water-wash set may remain installed on 
inlet nozzle, unless special testing 
requirements call for use of pads. 

a. Remove safety wire, bolts (7, figure 1), 
water-wash set (2), and gaskets (6) from inlet nozzle 
(1) 21C8501. 

b. Assemble gaskets (3) and blankoff pads 
(4) to inlet nozzle (1). Secure pads with six bolts (5). 
Torque bolts to 100-120 lb in. 

c   Safety wire bolts (5) by the double-strand 
method, using 0.032-inch safety wire. 
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«OflK 
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I «TO. 

I ^ 
NO.   03 

MO*. 

NO 

LOCA; 

SPECIAL  28-DAY 

ENGINE COMPRESSOR 
WASH 

; OFF 

;       N/A 
CONQ  AIR 

OFF 

SPECIAL TOOLS/SUPPORT EQUIPMENT REQUIRED 

AN 806-3K 

AN 929-4K 

AN 929-iOK 

GTC-85 

65A102-J1-1 

PLUG 

CAP(2) 

CAP 

COMPRESSOR, PNEUMATIC STARTING UNIT 

CART, CORROSION CONTROL 

CONSUMMASLE MATERIALS REQUIRED 

B&B 3100 

TT-1-733 OR 

0-E760 

CLEANER 

FRESH WATER 

ISOPR0PYL ALCOHOL 

MAINTENANCE REQUIREMENTS CARD 
NAVAI« 4710/3 (««V 7-761 8/N Q102 IfGHmS 

:APO NAVAIA oj.eoo.« 

0«pt. 

Fax» 

Post-It •» brand faxtransmittai memo 7671   «of pag«a ► 

^ 

Phon« » 

fax i» 

j0"'   01FEB91 
NA01-E2AAA-6-.— 

VAVA/^ 4730/j ;;rv ?.?m   a, 

1. TO CLEAN ENGINE COMPRESSOR, PROCEED AS FOLLOWS: 

A. PERFORM SAFETY CHECKS BEFORE MAINTENANCE 

(NAVAIR0L-E2AAA-2-1, WPOA0-00). 

». INSURE THAT EXTERNAL ELECTRICAL POWER IS DISCONNECTED 

FROM AIRCRAFT. 

CAUTION 

I? ENGINE HAS BEEN RUNNING, ALLOW TO COOL FOR A 

MINIMUM OF AS MINUTES OR UNTIL TMT READS 70' OR LESS. 

2. PRECLEANING.    WARNING 

B&S 3100 CLEANER/WATER SOLUTION IS NOT TOXIC BUT FUMES 

MAY CAUSE IRRITATION.  PROTECTION:  FORCED VENTILATION, 

SP1.ASHPR007 GOGGLES, RUBBER GLOVES, AND APRON.  KEEP 

^.B^lOO C- EAKFR^OLUTION 07f OP err«  EYES. ,Nn ,.?^u„ 



WOBK 

AaCA 

N»VAI»I  C1-O00'* 

0ATe 01FEB91 
:U0i-ä2AAA-*-3 

wOflK 
unit 
coot 

CHANQI 

a    I i . 3 
»   j 

KTO.     ^ 

NO.     03 

MO«. 

"O. 

LOCAc 
T36-A-M27 

SPECIAL 2S-DAY 

IU£C PWB 1      OFF 

JIZA_ 
CCNO Alft 

OF: 

WARNING 

CLOSE OFF APPROPRIATE AIR BLEED DUCTS TO C0CKPIT/CA3IN 

TO PREVENT ENTRANCE OF CLEANING SOLUTION OR FUMES DURING 

WASHING AND DRYINC CYCLES. 

ENSURE THAT ENCINE IS RINSED AND DRIED FOR THE PERIODS 

SPECIFIED SO THAT CLEANING SOLUTION IS NOT TRAPPED IN 

PASSAGES, CREVICES, ETC., IN ENGINE. 

CAUTION 

DO SOT CLEAN THE COMPRESSOR WHEN AMBIENT TEKPURATURZ 

IS BELOW -i7*C  (0*  F). 

MAINTENANCE REQUIREMENTS CARD 
NAVAIR «W/J («|v 7-761 S/N 0102-LF.CC4.7H8 SOPHASt'OiS NA VAIR f-ORM « 7)011 

WHICH IS OBSOLET* 

CA«0 
NAVAIR ot^OO.« 

OAte 01FEB91 
MA0UE2AAA-6-3 CHANOI 

*UM6t«  °1 

A.   IF AMBIENT TBtP£RAm£  IS M7#c  (0.F)   cg   _   /ft()# 

PREPARE CLEANING SOLUTION AS FOLLOWS- 

3> rr^S0LUtI0N 0? 5° ?ERCENT   (BY V°^>  "COHOL AND 50 PERCENT (BY VOLUME)  FRESH WATER. 

EARNING ' 

*HTYL ALCOHOL, O-E-760 OR ISPROPYL ALCOHOL, --1-735 

A« TOXIC AND FLAMMABLE. PROTECTION:  CHEMICAL SPLASH- 

ROOF GOGGLES AND VENTILATION; KEEP CONTAINER CLOSED; 

SPARKS, FLAMES, AND HEAT AWAY.  KEEP ALC0H0L OFF SKI,, 

-YES AND CLOTHES; DO NOT BREATHE VAPORS. WEAR GLOVES. 

WATER/ALCOHOL SHALL NOT BE USED FOR SHIPBOARD T-56   • 

ENGINE COMPRESSOR WASHING. 



CAAO •NAvAi« 01 -000-4 

;0ATe NA01-E2AAA-6-3 

VHEH USING CLEANING SOLUTION, AIR PRESSURE REGULATOR SHALL 

32 SET FOR PRESSURE REQUIRED TO OBTAIN FLOW RATE OF 3 0 

GALLONS PER MINUTE (APPROXIMATELY 4 TO 6 ?SIC). WHEN [JSIJfG 

WATER RINSE, AIR PRESSURE REGULATOR SHALL 3E SET FOR i T0 

6 PSIC. 

'•  TO WASH ENGINE, PROCEED AS FOLLOWS: 

A. CONNECT EXTERNAL ELECTRICAL POWER TO AIRCRAFT (NAVAIR 

01-E2AAA-2-1, WP027-00). 

3. CONNECT PNEUMATIC STARTING UNIT TO GROUND START CON- 

NECTIONS IN RIGHT MAIN WHEEL WELL FOR RIGHT ENGINE CR 

LEFT MAIN WHEEL WELL FOR LEFT ENGINE. 

NAVAIR 4790/S l«€V 7-7« $/N OIOJ-LP^O4-7618 SS^WS^^ 

CAAO 
NAVAl« 01.000 « 

CORROSION CONTROL rA»f A»« „„.. aiWL  CART AND  OPERATOR  MTICT  >r   ... 

SONNEL „HUI» ENGINE CONTROL^      PR^L" " ^ "" °F "«' 
ANCLE POSITION. WPELLOR MUST BE IN START 

CONDITION LEVER MUST BE IN c»n «™* 

TO PREVENT ENGINE LIGHT OFF P°Sm°N ^ EN°1NE *"»"* 

C   SET CONDITION LEVER TO CRD STOP. 

NOTE 

ZZ!TT0 M0BII0R eH0"'E io 8E ~ - - -co. 
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WOB* 

A»EA 

WORK 
wNir 
coot 

c 
«I 
t 
N 

riM« 

3.3 

RTa- AD 
NO. 03 

CHANOC 
NWM««ft  01 

MOI. 

NO. 

LOCAL. 
T56-A-427 
SPECIAl 28-DAY 

(Ltc r** 
ON 

hYO RWR 

MA. 
CONO Al* 

ON 

E. ON 65A102-J1-1 CART TURN ON AIR SOURCE TO SUPPLY 60 PSIC 

TO 5TH AND 10TH STACE AIR BLEED HOSE ASSEMBLY. 

?. OPEN QUICK ACTING SOLUTION VALVE ON CORROSION CONTROL 

CART TO ALLOW A WASH MIXTURE TO PASS THROUGH ENGINE AS' 

ENGINE BEGINS TO ROTATE. 

NOTE 

SPRAY UNIT AIR PRESSURE SHOULD NOT DROP 3ELOW 25 PSI 

DURING WASH CYCLE. 

G. TERKINATE ENGINE WASH AND MOTORING 3Y SECURING STARTING 

AIR AFTER 60 SECONDS; ALLOW STARTER TO COOL AND SOLUTION 

TO SOAK FOR A MINIMUM OF 10 MINUTES. CLOSE VALVE ON UNIT 

TO STOP WASH MIXTURE. 

MAINTENANCE REQUIREMENTS CARD 
NAVA(* 4790/3 (REV 7-7«l UN 010J.tHD4.7t1f 

SUPCRSCDft NAVAIR FOAM 4 ISO/} 
WHICH IS OBSOLETE 

CARO NAVAIft OLOOO-« 

iOATB    01F1B91 
NA01-E2AAA-6-3 CHAfcai 

NUMMfl 01 

NOTE 

WHEN USING 65A102-J1-1 CART, REMOVE SOLUTION SUPPLY HOSE AND 

CONNECT WATER SUPPLY HOSE TO THREE-WAY PITTING BEFORE STARTING 

DOUBLE RINSE CYCLE. 

H. REPEAT STEPS A THROUGH G WITHOUT B&8 3100 CLEANER TO PERFORM WASH 

RINSE CYCLE.  ALLOW ONLY FRESH WATER TO FLOW THROUGH ENGINE 3Y OPENING 

QUICK ACTING WATER VALVE ON CORROSION CONTROL CART. 

I. ALLOW STARTER TO COOL NO LESS THAN 10 MINUTES AND REPEAT RINSE CYCLE, 

STEP H. 

J. REMOVE CAP FROM CR0S8 BLEED LINE. 

K. CONNECT HYDRAULIC PRISSURIZATION LINE TO CROSS BLEED LINT. JUST AFT 



:A*O' j NAVAIB   O1.O00-« 

i°ATe01?EB91 
.''A01-E2AAA-6-3 

CHANG«     JUOCAI. I, 

NUM.« 01  r36-A-A27  rtc~; 
|PHCIAL 26-DAY ln^— 

N/A 

K)<cV"w 

[CONQ AlB 
OF? 

-. REMOVE CAP AND CONNECT TORQVEMZTER ^T:.;^ HO$E 
STH AND 10TH STACE BLEED AIR HOSE. 

M. REMOVB^CAPS FROM THE FOLLOWING LINES: 
(TT SECU>S7 LINE TO DECU. 

2. DECU OTPKESSOR INLET PRESSME lan! .0 

TEE FITTING. 

3. AOT1-ICINC LINE TO COMPRESSOR DISCHARGE pR&gcURr 
TRANSMITTER. 7^ 

««. RESTORE CORROSION CONTROL CART TO ORIGINAL CONDITION 
AND SECURE. 

o. WITH *u ä„irc„ES a TORMl SIART posinoN ATO pouEa 

wvns AT cm rw, »mn wise tu ACCOXMB«-,m 

-• .T""""""" '"-I >«, 

CARD 
NAVAI« 01-400.« 

OATB 01FEB91 NA0UE2AAA-6-3 CHANOI 

2- MCU C0MPRESS08 INLET fRESSUM LTW TA ,„ 
3- emu«» 0Iscau(CE PJ*  *\ "° ««««» w Fin,«. 

■• -T.U WIHE 4CCESS j* 3 " ~E:» 
ENCINE, OR ITEM« i<e «, AN° 35° F0R LCF* 

««»... E~;: ™;_ *■ - 4o°»—«-. 
s -Eri™~ - - -—- 

^«MW«,,;,,,,,^; 



CA«0 : NAvAl« o: OOO't 

lOATE 0,r£391 
'!AOi-£2AAA-6-3 

|CHANQt 

iVOA« yrOKK 
WNlT 
COO« 

C     ITIMK 

1 3.3 
«TC. 

NO. 

AD 
03 

MOI 

NO. 

LOCAL 

756-A-427 OFF 

N/A 
CONO A!« 

OFF 

N 

M. FABRICATE AND INSTALL HOSE ASSEMBLY (MS2874N8-O120) OR 

EQUIVALENT TO END OF REDUCER FITTING ON WATER SUPPLY HCSI 

SERVICE CORROSION CONTROL CART WITH A MIXTURE OF i PART 

B6B 3100 CLEANER AND A PARTS WATER IN QUANTITY SUFFICIIN', 

TO FILL FORWARD COMPARTMENT (7 GALLONS) ON CART. FILL AF". 

COMPARTMENT (2^GALLONS) WITH WATER OF DRINKING PURITY. 

0. POSITION CORROSION CONTROL CART OUTBOARD AND AFT OF ENGi: 

TO BE WASHED. *\ 

P. CONNECT CART SOLUTION SUPPLY HOSE (1/2-lNCH) TO THREE- 

WAY FITTING AT FORWARD LEFT SIDE OF POWER SECTION AIR 

INLET HOUf 1C.  DO NOT KINK HOSE. 

Q. CONNECT AN AIR SOURCE SUFFICIENT TO SUPPLY 60 PSIG 

TO THE 5TH AND 10TH STAGE AIR BLEED HOSE ASSEMBLY. 

CA«0 NAVAIR 01 000.» 

6AT101FEB91 
NA01-E2AAA-6-3 

CHANOI 
NUM6E«01 

R. ON THE 65A102-JI-1 CART ENSURE QUICK ACTING VALVES ARE CLOSED AND THEN 

0P2N WATER SHUTOFF VALVE AND SOLUTION SHUTOFF VALVE 

<y^ 

^ 

WARNING 

PROVIDE ADEQUATE NUMBER OF PERSONNEL FOR ENCINE TO BE UASHED; 

STATION FLIGHT CREW, GROUND COORDINATOR/ SAFETY OBSERVER AND' 

CORROSION CONTROL CART. 

CONDITION LEVERS ON QUADRANT MUST BE IN GROUND STOP POSITION TO 

PREVENT ENGINE LIGHTOFF DURING ENGINE MOTORING. 

CAUTION 

ENGINE MOTORING AND WASH CYCLE IS NOT TO EXCEED «0 SECONDS TIME PERIOD 

OR DAKACE TO STARTER MAY OCCUR.  BEFORE OPERATING CORROSION CONTROL 

CART, AIR PRESSURE REGULATOR SHALL BE SET FOR CORRECT PRESSURE OR 
^EQUIPMENT MAy BE 0AMA020t 

NAVAt* 4790/3 (*£V 7/f 
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wORK 
UNIT 

coot 

T c |Ti.\ie 

I    3.3 
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i*TO. AC 

NO. 03 

LOCAL 
T56-A-i27 

JCLSC »w« 
OFF 

MO« 

NO. 

MVQ PWR 

a/A 
|CONO Al« 
I    OFF 

WARNING 

DO NOT USE WATER/ALCOHOL MIXTURE I? AMBIENT TEMPERATURE 

IS OVER 4*C (40*F). 

CAUTION 

DO NOT ENERGIZE IGNITER DURING MCTORING. 

WHEN USING WATER/ALCOHOL MIXTURE IT IS NECESSARY FOR FIRE- 

FIGHTING PERSONNEL/EQUIPMENT TO 3E READY FOR FIRE WATCH 

AND CLEAN-UP. 

3. OBSERVE PRECAUTIONS LISTED UNDER CORROSION ELIMINATION 

(NAVAIR C1-E2AAA-3-1, WP0O6-5O) AND PROCEED AS FOLLOWS: 

MAINTENANCE REQUIREMENTS CARD 
NAVAIB «7»0/3 (A6V ?-79) S/N OIOJ.v.F-804-7918 

svrcAseoes NA VAIA. POMM * HOIJ 
»HtCH IS 06SOl.£TH. 

CAftO NAVAIR C1-000-« 

OAT» 01FEB91 
NA01-E2AAA-6-3 

CHAMCfi 
NWMBtA 01 

A. REMOVE ACCESS PANELS OF ENGINE TO BE CLEANED. (ITEMS 

330, 340, 376, AND 380 FOR LEFT ENGIKE, OR ITEMS 339, 

363, 393, AND 400 FOR RIGHT ENGINE IN NAVAIR C1-E2AAA- 

2-1, WPOU-00). 

3. CHECK ENGINE COMPRESSOR INLET HOUSING AND STRUTS FOR 

FOREIGN OBJECT DAMAGE, CRACKS, CORROSION, AND SALT 

DEPOSITS. 

C. CHECK INLET GUIDE VANBS, STATOR VANES AND 3LADES FOR 

FOREIGN OBJECT DAMAGE, CRACKS, CORROSION, AND SALT 

DEPOSITS. 

D. CHECK ENGINE COMPRESSOR CASE FOR CORROSION- 

E. ON OVERHEAT DETECT BLEED AIR PANEL, SET LEFT AND^IGHI 

BLEED AIR SWITCHES TO OFF. AND ENSURE !-EF! AND 

SD^RIG 
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CM»N9t 1 LOCAL 

t       A--2 7 

SPECIAL  28-DAY 

ICLIC *•*« 

MOi. 

NO. 

JM»0»W* 

1 N/A 
ICONO Ar« 

j OFF 

DISCONNECT AND CAP THE FOLLOWING LINES: 

DECU COMPRESSOR INLET PRESSURE LINE AT COMPRESSOR TEE 

FITTINGS AND CAP WITH AN929-4K CAP. 

DECU PS7 LINE FROM DECU, AND CAP WITH AN806-3K CAP. 

COMPRESSOR DISCHARGE PRESSURE LINE FROM ANTI-ICE 

LINE, BETWEEN ANTI-ICE -SHUTO?» VALVE AND DIFFUSER PORT 

AND CAP WITH AN929-4K CAP. 

DISCONNECT TORQUEMETER SHROUD ANTI-ICE HOSE ASSEMBLY 

AT THREE-WAY TITTINC, FORWARD LEFT SIDE OF POWER SEC- 

TION AIR INLET HOUSING. 

CONNECT SPRAYING UNIT WASH HOSE TO THREE WAY FITTING. 

MAINTENANCE REQUIREMENTS CARD 
NAVAIH 4790/3 IAEV 7?«» $/N 010MP.«04-7M 

SVrCfiSSDeSNA VAtH FORM 41101} 
WHICH IS OBSOLCTt. 

QAftO NAVAIft o; O00-« 

OAT801FEB91 
NA01-E2AAA-6-3 CHANOt 

I. DISCONNECT 5TH AND 10TH STACE AIR BLEED HOSE AT SPEED 

SENSITIVE VALVE ON LEFT SIDE OP POWER SECTION ACCESSORY 

DRIVE AND CAP PORT ON SPEED SENSITIVE VALVE DURING WASH. 

J. OPEN STRAPS AT FORWARD END OP CORROSION CONTROL CART 

AND PULL OUT 1/2-INCH SOLUTION SUPPLY HOSE AND REMOVE 

QUICK DISCONNECT SOCKET, PART NO. (HANSEN 500 AND NIPPLE; 

AND ADAPTER, PART NO. AN816-8D1.  RETAIN PARTS. 

K. OPEN STRAPS AT AFT END OF CORROSION CONTROL CART AND 

PULL OUT 1-INCH WATER SUPPLY HOSE AND REMOVE QUICK 

DISCONNECT SOCKET, PART NO. (HANSEN 540) AND ADAPTER 

AN816-16-12D1. RETAIN PARTS. 

L. INSTALL REDUCER FITTING (AN919-29D) INTO END OF L-INCH 

WATER SUPPLY HOSE. 

MAVAIA 4790/3 (R£V 77«| (SACK) 



SCHEMATIC COMPRESSOR AIR INIET HOUSING 
501-D13,-D22,-D22A 
T56-A-7B,-15,-10W 

TO IAIANCE LINE 
A TORQUEMETER 

HOUSING SHROUD 

COMPRESSOR 
INIET AIR m ». 
PRESSURE  C==v>

J 
PT2 / 

TO BALANCE LINE 
4 TOROUEMETER 

HOUSING SHROUD 
"5 

OUTLET TO 
FUEL CONTROL 

861004 

ANTI-ICING AIR 
FROM DIFFUSER 

AIU«o< 

tu«iiuf %c 
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ALLISON GASTURBINE 

T56-A-427 OPERATION AND SERVICE INSTRUCTIONS 

3-799.     Corrosion pits in the rear flange area exceed 0.100 in. depth. 

3-800.     ENGINE COMPRESSOR CLEANING. 

3-801.     GENERAL. 
3-802.     Checkout and troubleshooting procedures are performed as follows: 
3-803.     Operational check Of engine systems follows normal engine  operating sequence 

thrown prestart and start procedures, except that sequence shall be interrupted if abnormal 

conditions or abnormal instrument indications occur. At that time, troubles shall be located 

and corrected before proceeding. 
3-804.    During  checkout   procedure   all  engine  systems  are   operated   and   instrument 

indications noted.  Again system operating sequence shall be interrtpted if abnormalities in 
operation or instrument Indication occur and troubles shall be corrected before continuing 

with system operating sequence. 

3-805.    Perform safety check before maintenance. 

3-806.     ENGINE COMPRESSOR CLEANING ENGINE MOTORING. 

3-807.    To clean the engine compressor, proceed as follows* 

CAUTION 1 

If engine has been running, allow to cool for a minimum of 45 

minutes or until turbine temperature Indicator reads 70°C or 

less. Do not attempt to clean engine If outside air temperature 

Is 4.4*C (40*F) or below. 

NOTE 

If recent performance daUon__sng1np la not^avallable, and 

water wash effect on ei^ineperformance is desired7>e*fprm 

engine efficiency run (NAVA1R 0HE2AAA-2-10, WP 022 00)_a>d 

record all engine operating data on engine ground run form. 

Change I 3-129 | 
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ALLISON GAS TURBINE 

T56-A-427 OPERATION AND SERVICE INSTRUCTIONS 

3-808.   RECLEANING. 

3-809.   Observe precautions listed under Corrosion Elimination (NAVAIR 01-E2AAA-3-1, WF 
006 50) and proceed as follow«: 

3-8 1 0.   Remove access panels of engine to be cleaned. 

NOTE 
./*; 

I 

I 

Corrosion may occur when salt deposits from sea water 

Ingestion or environmental atmospheric conditions are allowed 
to remain on compressor parts. Prompt removal of salt 
deposits will prevent corrosion and corrosion related 
compressor blade and vane failures. 

3-811.   Check engine compressor inlet housing and struts for unacceptable foreign object 
damage, cracks, or corrosion. 

3-812. Check air inlet guide vanes, stator vanes and blades for unacceptable foreign 
object damage, cracks, or corrosion. 

3-813. On OVERHEAT DETECT BLEED AIR panel, set LEFT and RIGHT BLEED AIR 
switches to OFF, and Insure LEFT and RIGHT condition levers on quadrant are positioned 
to GRD STOP. 

NOTE 

Perform steps 3-814 through 3-817 for shore-based aircraft 
using 76E04000-30 spraying unit, and steps 3-818 through 3-828 
for shipboard corrosion control cart 65A102-JI-1. If neither 
cart is available, refer to paragraph 3-846. 

3-814.  Service spraying unit with B&B 3100 cleaner and fresh water. (4 parts water to one 
part cleaner.) 

3-8 IS.   Position spraying unit outboard and aft of engine to be washed. 

3-816. Disconnect torquemeter shroud antHce nose assembly at tltting, forward left side 
of power section air inlet housing. Connect spraying unit (figure 3-59) wash hose to fitting. 

3-817. Disconnect 5th and 10th stage air bleed hose at speed sensitive valve on left side of 

power section accessory drive and cap port on speed sensitive valve during wash. Connect 

•praying unit air hose to air bleed hose assembly, start spraying unit and continue 
procedures in paragraphs 3-829 - 3-845, 

ft 
\ 

3-130      Change 1 



ALLISON GASTURBINE 

TS6-A-427 OPERATION AND SERVICE INSTRUCTIONS 

NOTE 

If  corrosion  control  cart   76E04000-30  is  not  available,  the 

following procedure is acceptable with the 6SA102-J1-1 cart 

(see figure 3-60^ 

3-818. Open straps at forward end of corrosion control ea#f.and pull 
out 1/2-inch solution supply hose and remove quick disconnect socket, part 

no. (hansen 500, and nipple), and adapter, part no. AN816-8D1 (see figure 

3-60). Retain parts. -\ 
3-819. Open straps at aft end of corrosion control cart and pull out 1 
inch water supply hose and remove quick disconnect socket, part no. Hansen 

540, and adapter AN816-16-12DI (see figure 3-60). Retain parts. 
3-820. Install reducer fitting (AN919-29D) into end of 1  inch water 

supply hose. 
3-821. Fabricate   and   install   hose   assembly   (MS28741-8-0120)   or 

equivalent to end or reducer fitting (AN919-29D) on water supply hose. 
3-822. Service corrosion control cart with a mixture of 1 part B&B 
3100 cleaner and 4 parts  water In quantity sufficient  to fill forward 
compartment (7 gallons) on cart.   Fill aft compartment (26 gallons) with 

water of drinking purity. 
3-823. Position corrosion control cart outboard and aft of engine to be 

washed. 
3-824. Disconnect   torquemeter   shroud   antHce   hose   assembly   at 

fitting located on forward left side of power section air inlet housing. 
3-825. Connect cart solution supply hose (1/2 inch) to above fitting. 

Do not kink hose. 
3-826. Diaeonnect 5th and 10th stage air bleed hose assembly at speed 

aensltive valve (figure 3-68). Cap port on speed sensitive valve during wash. 
3-827. Connect an air source sufficient to supply 60 psig to the 5th and 

10th stage air bleed hose assembly. 
3-828. On the 65A102-J1-1 cart make sure quick acting valves are 
closed and then open water shutoff valve and solution shutoff valve. 

Change 1      3-131 



ALLISON GASTURBINE 

T56-A-427 OPERATION AND SERVICE INSTRUCTIONS 

WARNING 

Provide adequate number of personnel for engine to be washed; 

flight station crew, ground coordinator/safety observer and 

graying unit, corrosion control cart or spray mix applicator 
operator. ;|£' 

Condition levers on quadrant must be in GRD STOP Position to 
■   f 

prevent engine lightoff during engine motoring. 

■————»■< ■ 

CAUTIOM 

Engine motoring and wash cycle is not to exceed 60 seconds 

time period or damage to starter may occur. Before operating 

spraying unit, corrosion control cart or spray mix appticator air 

pressure regulator shall be set for correct pressure or 

equipment may be damaged. 

NOTE 

When using cleaning solution, air pressure regulator shall be set 

for pressure required to obtain ftow rate of 3.0 gallons per J? 

minute (approximately 4 to 6 psig). When using water rinse, air 

pressure regulator shall be set for 4 to 6 psig. 

3-829.   ENGINE WASH PROCEDURE. 

3-830.  To wash the engine, proceed as follows: 

WARNINO 

Spraying unit and operator must be in full view of personnel 

operating engine controls. Propeller must be in start angle 

position. 

3-831.   Connect external electrical power to aircraft via external power receptacle no. 1 t 

Sta 350 (R side). 



I 
I 

•l 

I 

ALLISON GASTURBINE 

T56-A-4 27 OPERATION AND SERVICE INSTRUCTIONS 

3-832.     Connect pneumatic starting unit to ground-start connections in right main wheel 

well for right engine or left main wheel well for left engine. (See figure 3-61.) 

WARNING 

Condition lever must be in GRD STOP position during engine 

motoring to prevent engine light off. 

I 3-833.   When using 76E04000-30 spraying unit, obtain operating pressure of 100-120 psig 

and then open*spraying unit valves to pressurize water tank and air line to air bleed valves 
I which  close   engine   compressor   5th   and   10th   stage   air  bleed   valves.    When   using 

65A102-JI-1 cart turn on air source to supply 60 psig to the 5th and 10th stage air bleed 

I hose assembly. 

Figure 3-59. Spraying Unit, 76E04000-30 

NOTE 

Use stop watch to monitor engine to be motored for 60 second 

wash cycle. 
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ALLISON GAS TURBINE 

T56-A-427 OPERATION AND SERVICE INSTRUCTIONS 

3-834.   With propeller arc clear of obstructions, and power levers to GRD IDLE an 
condition levers to GRD STOP, motor engine by holding GRD START switch on ENGIN 

CONTROL PANEL to I. or R and start stop watch. 
3-835.   Open valve on spraying unit or quick acting solution valve on corrosion control cart 

to allow a wash mixture to pass through engine AS engine begins to rotate. 

• 

f* 

NOTE 

Spraying unit air pressure should not drop below 25 psi during 
wash cycle. 

3-836. Terminate engine wash and motoring by releasing GRD STOP switch after 60 
seconds; allow starter to cool and solution to soak for a minimum of 10 minutes. Close 

valve on unit to stop wash mixture. 

•ftng'imfc 

I 3-134     Change 1 



J 
T56-A-4'    OPERATION AND SERVICE 1NSTP     TIONS 

I INCH WATffi 
SU*FI> nose 

QUICK ACTING 
VACVC 

IWATI« SUPPLY) 

l.'J INCH 
SOLUTION 

SUPPl.V MOS£ 

WATER 
IMUTQff 

VALVE 

SOLUTION OUICK ACTING 
SHUTOFF VALVE 

VALVE (SOLUTION SUFFLY) 

AFT 
1 INCH HOSE 

FROM WATER 
SUPPLY TANK ANÄ1M612D 

ANS19M0 
REDUCE« 

I INCH TO» H INCH 

I FOOT 
HOSI ASSEMBLY 
(MS28741-80120I 

REMOVE AND 
"REPLACE WITH' 

FWO 
1/? INCH HOSE 

FftOM SOLUTION 
SUPPLY TANK 

ha 
ANilMO sa 

/ 
> 

B 
1 

REMOVE 

Figur« 3-60. Corrosion Control Cart, 65A102-J1-1 
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ALLISON GAS TURBINE 

T56-A-427 OPERATION AND SERVICE INSTRUCTIONS 

NOTE 

When using 65A102-J1-I cart, remove solution supply hose and 
connect water supply hose to three way fitting before starting 
double rinse cycle. 

13-837.   Repeat steps 3-827 through 3-833 without B&B 3100 cleaner to perform wash rinse 
cycle.   Allow only fresh water to flow through engine by openly fresh water valve on 
graying unit or quick acting water valve on corrosion control cart. 

3-838.   Allow starter to cool no less than 10 minutes and repeat rinse cycle. 

NOTE 

It engine does not shut down, set condition lever to FEATH. 

WARNING 

I 

Do   not   disconnect   pneumatic  air connection   hose   without 
protective gloves. 

3-839.   Shut down spraying unit electrical and pneumatic power source and disconne 
spraying unit. 

3-840.  Remove cap and connect torquemeter antHeing hose and 5th and 10th stage air 
bleed hose. Restore aircraft to normal condition. 

3-841.   Restore graying unit to original condition and secure. 
3-842.   With all switches in normal «tart position and power levers at GRD IDLE, operate 
engine for a minimum of 10 minutes. 
3-843,   Operate engine antHeing for a minimum of 1 minute. 
3-844.   Perform engine performance check and trend analysis. 
3-845.   if results are  not  satisfactory, perform  walnut-shell cleaning procedures per 
paragraph 3-881. 

• 

3-846.   ENGINE WASH-ALTERNATE PROCEDURE. 

3-847.  The following procedure is for engine wash when neither 76E04000-30 spraying unit 
nor 65A102-JI-1 corrosion control cart is available. 
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ALLISON GASTURBINE 

T56-A-427 OPERATION AND SERVICE INSTRUCTIONS 

NOTE   • 

If units are not available, the engine wash may be accomplished 

with   the   model   299   or   299C   spray   mix   applicator.    The 
applicator must be modified for the E-2C aircraft. 

3-848.   Perform steps 3-840 through 3-869. 

3-849.   Modify applicator by removing applicator hose (figure  3-62)  with fittings >äti I 
installing adapter fitting (AN816-8D) into check valve. I 

3-850.   Install fabricated MS28741-8-2400 hose assembly into adapter fitting. $ 

3-851.   Positions 5 gallon drum or equivalent with B4B 3100 cleaner outboard and aft Jf 
engine. 

3-852.   Install modified spray mix applicator in drum and loosen 3/4-inch bung in top of 
drum to permit air to enter drum. 

3-853.  Disconnect torquemeter shroud anti-ice hose assembly at three-way fitting located 
at forward side of power section air Inlet housing. 

3-854.   Connect an air source sufficient to supply 60 psig to the 5th and 10th stage air 
bleed hose assembly.  Cap port on speed sensitive valve during wash. Do not kink or put 
tension on hose. 

3-855.   Provide a pressure source of water of drinking purity. 

3-856.   Water pressure must be 25 psig minimum and 150 psig maximum. 

3-857.   With water control valve lever in OFF position, connect water source to water 
inlet hose adapter (figure 3-62). r.„, „ I 

} CAUTION I 

Insure water pressure Is between 25 and  150 psig to avoid 
damaging equipment. 

3-858.   Perform steps 3-831 and 3-832.   Observe warning, caution, and note following 
paragraph 3-828. 

3-859.  Turn on pressure source to approximately 60 psig and turn on water source. 

3-860.  Turn chemical control valve located Just above drum to ON by putting lever 
straight up or down. 

NOTE 

Propeller blades shall be !n start position (start blade angle). 
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ALLISON GASTURBIi 

T56-A-427 OPERATION AND SERVICE INSTRUCTIONS 
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ALLISON GASTURBINE 

T56-A-42? OPERATION AND SERVICE INSTRUCTIONS 

3-861.   Insure propeller arc is clear of obstruction and power levers are in GRD IDLE and 
condition levers on quadrant are in GRD STOP. 

3-862.   Open applicator control valve and signal cockpit personnel to motor engine using 
GRD START switch on ENGINES control paneL  As propeller begins to rotate, open water 
control valve on applicator and allow to flow for 60 seconds. Turn off water control valve. 
Shut down engine and let starter cooL 

3-863.   Let solution soak for a^minimum of 10 minutes. 

3-864.   On applicator, turn chemical control valve to OFF to eliminate chemicals and 
repeat steps 3-861 and 3-862 for two rinse cycles. 

3-865.   Disconnect applicator w(ater inlet hose and air source. 

3-866,   Tighten 3/4-lnch bung on top of drum and move applicator and drum away from 
aircraft. 

3-867.   Restore speed-sensitive valve to normal By removing cap and connecting 5th and 
10th stage air bleed hose assemblies. 
3-868.   Connect torquemeter shroud anti-Ice hose assembly at three-way fitting. 
3-869.   Store parts removed from applicator on modified rig and leave in modified stage 
for future use. I 

3-870.   Perform procedures In paragraphs 3-842 and 3-843. 

3-871.   BURNER FUEL DRAIN VALVE. 

3-872.   REMOVAL. 

3-873.   Remove nacelle access cover to engine igniter. 
3-874.   Disconnect lines from forward and aft valves. 

3-875.   Remove lockwire and bolts that secure forward  valve  to combustion section 
housing and remove valve and gasket. Discard gasket. 

3-876.   Repeat step 3-875 to remove aft valve. I 

3-877.   INSTALLATION. 

3-878.   Apply a light coat of anti-seize compound (MIL-L-25681) to valve mounting bolts. 
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LT COL MICHAEL S. FRANCIS 

Lt Col Francis is the Program Manager for the X-31 Enhanced Fighter Maneuverability 
Demonstrator Program for the Advanced Research Projects Agency (or ARPA). He serves in 
this capacity for several programs, including the X-31 Enhanced Fighter Maneuverability 
Demonstrator Program, the Wingship Investigation, and a DoD-sponsored study on Aircraft 
Affordability. The X-31 is the latest experimental, high performance aircraft, developed to 
pioneer ague flight beyond the aerodynamic stall barrier. This international collaborative 
program between the United States and Germany is in its flight test phase. The Wingship 
Investigation is assessing the technical feasibility and operational utility of very large wing-in- 
ground effect vehicles employed in a variety of defense missions. The Aircraft Affordability 
Study is oriented at applying advanced technology in the aircraft acquisition process, mcludmg 
the development and operational phases. 

Lt Col Francis received his Bachelor of Science degree in Aerospace Engineering Sciences from 
the University of Colorado in 1969 and was commissioned as an officer in the U.S. Air Force. 
He entered graduate school at the University of Colorado where he completed Master of Science 
and Doctoral programs, also in Aerospace Engineering Sciences. Lt Col Francis entered active 
duty in March, 1974. Assigned to the Frank J. Seiler Research Laboratory, Colorado, he 
engaged in unsteady aerodynamics research and served as a lecturer in the Department of 
Aeronautics. While at the Academy, he conducted the first investigations of dynamic lift on 
airfoils undergoing rapid, large amplitude arbitrary pitching motions. He was next assigned a 
Program Manager, Air Force Office of Scientific Research, Boiling AFB, Washington D.C. 
where he managed Air Force basic research programs in aerodynamics and turbulence structure. 
Following completion of the Program Management Course at the Defense Systems Management 
College in the fall of 1984, he was assigned to the Air Force Space Systems Division, Los 
Angeles AFB, California, where he served a program manager in several space R&D programs. 
Lt Col Francis is an associate fellow of the American Institute of Aeronautics and Astronautics 
(AIAA) and is currently serving his second term on that organization's Board of Directors. He 
is a member of the American Society of Mechanical Engineers (ASME) and the Air Force 
Association. He also served on the NASA Advisory Committee for Aeronautics and has been 
a reviewer for several journals. He has authored or co-authored over 30 open hterative 
publications. 



ROGER W. GALLINGTON 

Roger W Gallington manages a division of Science Applications International Corporation 
(SAIC) in Seattle He uses structured group methods and statistical tools to evaluate technology 
and technical risk in results-oriented research and development programs. Prior to joining 
SAIC Dr Gallington was a Test Engineering Manager at Martin Marietta Aerospace m Denver. 
He served in the Air Force with his last assignment as Director of the Aeronautics Laboratory, 
and Tenure Associate Professor at the USAF Academy. 

From 1975 through 1978, Dr. Gallington worked, along with others, at the (then) David Taylor 
Research Center to develop most of the published western-world information on the power 
augmented ram (PAR) feature which is prominent in many current Russian designs. Prior to 
that he tested model wing-in-ground effect vehicles in wind tunnels, over ground and over 
water. He took some of the best photographs ever taken of vortex shedding from the bottom 
of the end plate of a wing in strong ground effect. 

Dr. Gallington earned his Ph.D. in Aeronautical Engineering from the University of Illinois in 

1967. 



CAPT EDMOND D. POPE 

Capt Ed Pope graduated from Oregon State University with a B. A. (mathematics) in 1969. Capt 
Pope was selected as a career designated naval intelligence specialist in 1973. Significant tours 
include a deployment to southeast Asia aboard USS ORISKANY and staff tours with 
CINCPACFLT, CNO, and COMSDCTHFLT in Gaeta, Italy. He then served as Assistant Naval 
Attache, Stockholm, Sweden in the early 1980's when a Soviet WHISKEY class submarine ran 
aground there and has recently completed three tours in the Pentagon, the longest being m the 
Office of Assistant Secretary of the Navy (Research, Development and Acquisition). 

Upon reporting to the Office of Naval Research in 1991, he established the Science 
Opportunities Program (SOP) which is an effort to identify unique science and technology from 
republics of the Former Soviet Union. Under this program, he has participated and organized 
numerous successful efforts, including transition of advanced materials technologies, academic 
assistance programs, procurement of unique Russian devices, and numerous other related 
activities In September of 1992, he visited Russia and identified numerous technologies of 
potential interest, including ocean acoustics, Wing-In-Ground effect (WIG) vehicles, laser/hdar 
systems, propulsion systems, etc. He has established excellent relationships with numerous key 
Russianand Ukranian authorities and continues activities under the SOP on a near-full tune basis 

atONR. 

Born in San Diego, California, Capt Pope was raised in Grants Pass, Oregon where his parents 
still reside. His hobbies include snow skiing, scuba diving, photography, woodworking, boating 

and jogging. 

Capt Pope is married to the former Cheryl I. Thompson of San Diego, California. Capt and 
Mrs. Pope have two sons. 



JOSEPH GERA 

Mr Gera earned his Masters Degree in Appüed Mechanics at the University of Virginia in 
1965. He has met the course requirements for a Ph.D at North Carolina State University. 

Mr Gera has had a distinguished career with NASA leading to National recognition for his 
flight controls expertise. From 1962 through 1979 he did wind tunnel testing, trajectory 
S«on and^rcraft dynamics and control at the NASA I^ngly Research Center. From 
1979^ the present, Mr. Gera has been at the NASA Ames Research Center/Dryden Fhght 
Research Facility engaged in flight controls research including high angle of attack handhng 
£5ta aSTfli lead flight controls engineer on the X-29A Forward Swept Wing 
DemoStrator flight tests. He consulted on the X-31 Enhanced Fighter Maneuverability 
demonstrator for NASA. He is currently the Branch Chief of Dynamics and Controls Branch 
at the Dryden Facility. His organization includes 55 engineers working on flight test 
engineering, control laws, systems, and structural dynamics. 

Mr. Gera has authored 29 papers and NASA reports on experimental aerodynamics, trajectory 
optimization, flight mechanics, and controls. 



BURT RUTAN 

Elbert (Burt) Rutan was raised in Dinuba, California. He received his Bachelor of Science 
degree in Aeronautical Engineering at California Polytechnic University in 1965. His course 
work also included classes at the Space Technology Institute, California Institute of Technology, 
marketing and personnel management courses in business administration from Golden Gate 
College and classes in the Aerospace Research Pilot's School at Edwards Air Force Base. Mr. 
Rutan holds, in addition, the honorary degree of Doctor of Science from California Polytechnic 
State University, San Luis Obispo, dated 13 June 1987; Doctoral of Science, honoris causa, 
from Daniel Webster College, 17 May 1987; Doctoral of Humanities, honoris causa, from 
Lewis University, 22 May 1988 and Doctorate of Technology, honoris causa, from Delft 
University of Technology, 12 January 1990. 

Mr Rutan worked from 1965 until 1972 as Flight Test Project Engineer at Edwards Air Force 
Base, California. Then in March 1972, he became director of the Bede Test Center for Bede 
Aircraft in Newton Kansas. 

In June of 1974, at Mojave, California, Mr. Rutan formed the Rutan Aircraft Factory (RAF) 
to develop light aircraft, and to market technical and educational documents. Through this 
company, the VariViggen, VariEze, NASA AD-1, Quickie, Defiant, Long-EZ, Grizzly, scaled 
NGT trainer, Solitaire, Catbird, and the world-flight Voyager aircraft were developed. 

In April 1982, Mr. Rutan founded Scaled Composites, Inc. (Scaled) to develop research aircraft. 
These have included the Microlight aircraft developed for Lotus, the 85% scale Starship for 
Beech Aircraft Corporation, the Predator agricultural aircraft for Advanced Technology Aircraft 
Corporation the CM-44 UAV for California Microwave, Inc., the Scarab Model 324 
reconnaissance drone for Teledyne Ryan Aeronautical, and the ATTT Advanced Technology 
Tactical Transport for DARPA. These prototype aircraft were designed, fabricated and flight 
tested at the Scaled facility in Mojave, California. The high technology wing saus for the Stars 
and Stripes 1988 America's Cup Challenge Race were fabricated at the Scaled facility. Other 
Scaled projects include a light business turbofan, a close air support aircraft, and unlimited class 
air racer and the flying surfaces for orbital Sciences Corporation's Pegasus space launch vehicle. 
Currently, Scaled is fabricating a high altitude vehicle which will fly by the year's end and a 
project for McDonnell Douglas Space Systems Division - a 30% scale vehicle for the single- 
stage rocket technology (SSRT) Delta Clipper Program. 

Mr. Rutan has extensive pilot experience. 

A few of the awards which Mr. Rutan has received include: 

EAA Outstanding New Design, 1975, 1976 and 1978. 
Presidential Citizen's Medal presented by Ronald Reagan, December 29, 1986. 
Grand Medal of the Aero Club of France, January 29, 1987. 
National Aeronautic Association and the National Aviation Club, 1987 Collier Trophy. 
Society of Experimental Test Pilots, 1987 J.H. Doolittle Award. 
Royal Aeronautical Society, British Gold Medal for Aeronautics, December 1987. 
Design News Engineer of the Year for 1988. 
Western Reserve Aviation Hall of Fame, Meritorious Service Award, 2 September 1988. 
The International Aerospace Hall of Fame Honoree, 24 September 1988. 
Member, National Academy of Engineering, 1989.   



LEONARD V. MALTHAN 

Mr Malthan is an Advanced Design Manager who has served as project engineer and program 
n^agerTa number of futiire weapon systems. His early specialty was m aerodynes when 
he wfs the initial Principal Investigator for the USAF Stobihty and Con^D^?^H^t 
industry background spans 1 year each at Boeing and North America Aviation, 31 years at 
McDonnell Douglas and 9 years at Northrop. 

His advanced design background includes NASA Span Loader, C-5A, C-117, F-15, S3A, 
various SAR programs and rapid transit studies. 

In 1968 Mr. Malthan managed a project to design and build a sizable J^**g 
controllable air cushion demonstrator vehicle under company funding. This work included 
S»* and aerodynamic testing. During this program an alternate concept^emerged 
E oTTtandem wing" catamaran design. This project replaced the «CD*« concept 
hecause of its superior efficiency and a 50 foot span test vehicle was built. This vehicle 
^rienceVa X^ent accident and the project terminated. Related ***£*%£* 
mcfuded a proposal design for an ONR assault GEM and a subcontract on a MARAD GEM. 

Mr Malthan also performed one of the initial performance assessments of the Soviet KASP A 
vehicle. He then managed a PAR study for the Navy ANVCE program. 

Education includes a B.S. from John Hopkins University and an M.S. from the University of 
Southern California, both in Aeronautical Engineering. 



JOHN M. REEVES 

John Reeves was educated at the Kingston-upon-Hull and Kingston-upon-Thames Colleges of 
Technology where he received a Higher National Certificate in Mechanical Engineering and a 
Post Graduate Diploma in Aeronautical Design and Development, respectively. Served a five 
year apprenticeship with Blackburn Aircraft, Brought, East Yorks., from 1958 to 1963. This 
apprenticeship included hands-on manufacturing and assembly experience in tool room, machine 
shop, detail fitting, aircraft subassembly, aircraft final assembly. Engineering and design 
experience included, supersonic wind tunnel, stress analysis, flight test, data analysis, design 
office and aerodynamics department primarily on the Buccaneer and its planned follow-ons. 

In late 1963 he joined Hawker Aircraft as aerodynamicist primarily working on the performance 
and configuration development of the Hawker Kestrel and HS-1154 supersonic V/STOl aircraft. 
Following cancellation of the HS-1154 he joined British Aircraft Corporation as an 
aerodynamicist working on configuration aerodynamics including wind tunnel testing and 
performance of the TSR-2, Super VC-10, BAC-1-11, Concorde and WIG and other projects. 

After cancellation of the TSR-2 and lack of support for 265 seat development of the Super VC- 
10, John joined Grumman Aerospace as an aerodynamicist in 1968. His assignments included 
performance and configuration assessment of the A-6E, F-14, Tracked Air Cushion Vehicle, C- 
2, studies including PHM, DBH and DEH (1,000 ton) hydrofoil projects. He was responsible 
for the design of the Flagstaff H foil system. He was team leader for unsteady lift tow tank tests 
at David Taylor Research Center, and Grumman Whirling tank tests. He developed a theory 
which assisted in curing the loss of control following a hydrofoil broach. 

In 1975 he left Grumman and joined a consulting company in Washington to support the 
Advanced Naval Vehicle Concept Evaluation Study in the hydrofoil technology evaluation. He 
joined the professional staff of the Center for Naval Analyses in 1980 and served as study 
director for the Center's ship, submarine and advanced craft conceptual design and cost models. 

John joined NAWC(AD) Warminster in 1983. From 1985 to 1989 he was the Branch Head for 
the Weapon's System Cost Analysis Branch before moving to his present position. He is the 
air vehicle project leader for aircraft modification studies and for advanced air platform 
assessments. He was the project leader for two NAVSEA SYSCOM studies on Wing-In-Ground 
Effect platform assessments. 

John commenced his WIG work in 1962 but pursued it no further after his analyses at Grumman 
Aerospace (1970) showed that such platforms could not compete with aircraft if only an induced 
drag reduction occurred in surface effect. In the U.K., he built a total of 24 free flight models 
of WIG's, conducted wind tunnel tests of a WIG in the mid-1960's, and built a manned model 
of WIG. In 1991, in the U.S., he flew an advanced hybrid-WIG model for which he has 8 
patents pending with the U.S. Navy. 



EUGENE E. COVERT 

Dr Covert is the T. Wüson Professor of Aeronautics (an endowed chair) at the Massachusetts 
Institute of Technology (MIT). He earned his Doctor of Science degree at MIT in^1958 After 
becoming the Associate Director of the Astrophysics Lab in 1963, he joined the academic 
facultyHe became a full professor in 1968 and served as Aeronautics and Asttonautics 
Department Head from 1985 to 1990. He was Chief Scientist of the U.S. Air Force from 1972 
to 1973 and Technical Director of the European Office for Research and Development from 

1978 to 1979. 

He serves as a director on the boards of: Allied Signal; Physical Sciences, Incorporated; Rohr 
Industries, Incorporated; and American Institute of Aeronautics and Astronautics. 

He is frequently called to serve on national boards and committees. He is currently oni the US. 
Scientific Advisory Board and served as its chairman from 1982 to 1986. He was on the NASA 
Aeronautics Advisory Committee from 1985 to 1989. He was on the Presidents Office of 
Science and Technology Policy form 1983 to 1988. He currently serves on the National 
Research Council Committee on NASA Program Changes and the Aeronautics and Space 
Engineering Board and chaired this board in 1990. He was on the Presidential Commission on 
Space Shuttle Challenger Accident in 1986. 

He is a consultant to: Defense Science Board; Hercules Aerospace Corp.; Headquarters NASA; 
MIT Lincoln Laboratory; and Sverdrup Technology Corporation. 

Dr Covert is the recipient of many awards for technical contributions and public.service. They 
include: Exceptional Civilian Service Award (USAF), 1973 and 1986; University Educator of 
the Year, 1980; NASA Public Service Award, 1981; MIT Graduate Student Outstanding Teacher 
Award 1985- American Institute of Aeronautics and Astronautics Ground Testing Award, 1990; 
AGARD von Karman Medal, 1990; and American Institute of Aeronautics and Astronautics 

W.F. Durand Lectureship, 1992. 



HAL FLUK 

UNITED STATES AIR FORCE:    Special Weapons 

INDUSTRY- X-19 VSTOL aircraft - responsible for aerodynamic flight load aerodynamic 
research, powered list control requirements, wind tunnel test planning and analysis, vertical and 
transition flight analysis, final program report covering design and technology. 

Helicopters - stability, autorotational characteristics, near and far field velocities of 
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1.0  INTRODUCTION AND SUMMARY 

In early 1993, Congress mandated that the Advanced Research 
Project Agency lead an evaluation of the technical feasibility and 
potential applications of the Wing-in-Ground effect (WIG) concept, 
also known as a Wingship. Figure 1.0-1 is an artist's concept of 
one Wingship design that Aerocon Incorporated created and 
designated the DASH 1.6 5000-ton WIG. The Russian Orlyonuk is a 
much smaller wingship concept that has been operated for a number 
of years. 

ARPA convened a Wingship Technical Evaluation Team composed of 
government and industry scientists and engineers in the Summer of 
1993 to study the technical feasibility of the WIG concept. The 
Team concluded that technology breakthroughs are not required to 
design, develop, and demonstrate the WIG concept. The Team 
predicted that major efforts will be required to develop the 
engines, ground-effect lift technology, and vehicle of the large 
scale proposed for the AEROCON concept. 

Based on the Wingship Technical Evaluation Team's findings 
that a large-size WIG is technically feasible, ARPA commissioned 
the Naval Surface Warfare" Center (NSWC) to assemble a Wingship 
Mission Analysis Team to conduct an assessment of the operational 
utility of WIG concepts for military and commercial applications. 
The NSWC contracted with several government agencies and industry 
participants for assistance in identifying, developing, and 
evaluating potential uses for WIG vehicles. One of these industry 
participants is the Lockheed Aeronautical Systems Company. 

1.1 OBJECTIVES 

The objectives of Lockheed's analytical support to the NSWC 
Wingship Mission Analysis Team are: 

o   Effectiveness evaluations of two WIG concept point designs for 
performing long-range, heavy lift missions; 

o   Identification of potential commercial applications; and 
o   Assessments of the life cycle and mission costs of the two WIG 

point designs. 

1.2 APPROACH 

Lockheed's approach for evaluating WIG effectiveness entails 
a variation of the DoD Mobility Requirements Study's (MRS) 
Southwest Asia (SWA) major regional contingency (Reference 1) . 
Figure 1.2-1 from the MRS shows the required delivery schedule for 
the tonnage of the'military units and supplies needed during a 
simulated 14-week conflict to stop a hostile force's advance into 
Saudi Arabia and ultimately defeat it within a moderate warfighting 
risk level time period. This figure also shows that there is a 
shortfall between required deliveries and those projected with the 
air and sea mobility assets, listed in Figure 1.2-2, that are 

o.^.Qß ot tnt& ccciimefu. 
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postulated for fiscal year 1999. The MRS points out that delivery 
of forces during the early period is most critical. While the 
airlift fleet transports all of the light units that are expected 
to move within the first two weeks and pre-positioned ships move 
the equipment of some heavy units to the theater of operations, the 
shortfall arises because the first sealift ships which carry the 
heavy Army units do not begin arriving from the Continental United 
States (CONUS) until 27 days after C-day (the day when units 
commence movement from their CONUS bases to the combat theater). 
Some method of transportation is desired that can deliver heavy 
Army units usually carried by ships but at speeds generally 
associated with aircraft. This study investigates the potential of 
WIGs to be the desired unique mode of transportation. 

The approach for this WIG effectiveness evaluation is to 
determine fleet sizes that are required for each of the two WIG 
designs to deliver two U.S. Army heavy mechanized divisions from 
the CONUS to SWA. Acceptable WIG fleet sizes are those which 
deliver the two divisions quicker than if they are transported by 
sealift. Benefits of earlier delivery of the two divisions are 
quantified through campaign analyses which measure reductions in 
enemy penetrations. t     ... 

The approach for identifying potential commercial applications 
is to conduct brainstorming sessions with senior technical 
personnel having extensive experience in transportation. 

Lockheed's life cycle cost model is used for estimating the 
acquisition and peacetime operating and support costs for the two 
WIG concepts. 

1.3  SUMMARY OF RESULTS 

Only minimal conceptual-level design, performance, and 
operational data are available for the two WIG point designs 
evaluated. Data that are available, particularly for weights, are 
not uniformly consistent. Further, many assumptions were made 
based on engineering judgment and experience to create data needed 
to perform this study. These data inconsistencies and/or 
assumptions are responsible for the trends of some of the study 
results and merit further investigation. 

Major findings of this study are summarized in Figure 1.3-1. 
To carry two U.S. Army heavy mechanized divisions with a total 
weight of 192,190 tons requires 64 loads with the 5000-ton WIG and 
185 loads with the 3000-ton WIG. For comparison, movement of these 
two divisions by more conventional mobility assets require either 
12 loads on 40,000-ton large medium-speed roll-on/roll-off ships 
(LMSRs), or 1568 loads on 131-ton payload C-5s. 

To complete delivery of the two divisions in equal time 
periods requires a fleet of 3000-ton WIGs that is about 3.5 times 
the fleet of 5000-ton WIGs. The major reasons the fleet sizes are 
not in direct proportion to vehicle size are the differences in 
block speeds and in payload-to-gross-weight fractions. The 
developers provided single invariant block speeds, regardless of 
range, of 400 and 308 knots for the 5000-ton and 3000-ton WIGs, 
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respectively. Indicative of much different structural design 
approaches, the payload-to-gross-weight fractions are 0.345 for the 
5000-ton design and a much poorer 0.2 for the 3000-ton design. 

If the fleets are sized to meet a 21.5-day closure time, the 
acquisition costs for the 3000-ton WIG are about twice the cost for 
the 5000-ton WIG. The corresponding life cycle costs are about 50 
percent higher for the 3000-ton WIG. 

In comparison, the unit acquisition cost of a new LMSR ship is 
about 240 million dollars. A fleet of 12 ships, at a total cost of 
2.88 billion dollars, can deliver both divisions from CONUS to the 
theater but they take 27 days, which is somewhat longer than with 
WIGs.. Late arrival in theater by the divisions produces 
substantial warfighting risk and higher penalties in lost time and 
lives and in additional costs due to the extended wartime effort to 
restore the borders. 

Figure 1.3-2 summarizes the conclusions and recommendations 
of this study. WIGs have the potential to carry large quantities 
of heavy cargo, which are currently relegated to ships, at aircraft 
speeds to make deliveries when time is critical. On a flyaway cost 
per ton of cargo carrying capability, WIGs are competitive with C-5 
airlift but are substantially higher than LMSR ships. The WIG 
concept has several potential commercial applications, but in much 
smaller vehicles than the two point designs. 

This study makes two general recommendations. First, extend 
the existing design efforts to address numerous operational details 
that have not been considered so far, such as loading of the 3000- 
ton concept, and to gain consistency and credibility for the 
predicted weight, performance, and cost data. Second, conduct 
analysis of military and commercial needs and derive design 
requirements for WIG vehicles. The derived requirements will 
probably be quite different from those used on the two point 
designs evaluated in this study. 
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2.0  DESCRIPTION OF WIG CONCEPTS 

The two WIG concepts evaluated in this study are the DASH-1.6, 
5000-ton Wingship created by Aerocon Incorporated, and a 3000-ton 
variant developed by the Air Force ASC/XREDT of a Northrop 800-ton 
concept.  Details on these two concepts, as provided by their 
developers (References 2 and 3), are presented below. 

2.1 DIMENSIONS AND DRAWINGS (From References 2 and 3) 

Three-view drawings are presented in Figures 2.1-1 and 2.1-2 
for the Aerocon and Northrop WIG concepts. Figures 2.1-3 and 2.1-4 
are inboard profile drawings that show the cargo compartment areas 
for the two concepts. Note that both concepts employ upper and 
lower decks to carry vehicles and palletized/containerized cargo. 

The Aerocon concept has two main decks (Al lower and Cl upper) 
for carrying vehicles and equipment. Heavier equipment, such as 
tanks, is restricted to the lower deck. Personnel can be carried 
on the forward and aft B deck as well as the amidship D and E decks 
that are not shown. The Air Force concept does not have a separate 
passenger compartment; passengers are seated along the sides of the 
cargo compartment in the same way they are in existing military 
transport aircraft. 

General dimensions for the two concepts are: 
Aerocon 
5000 ton 
566 
340 
88 

ft       311x39x13.5 
ft       316x72x19.5 

Pimensjon 
Overall Length, ft 
Wing Span, ft 
Tail Height, ft 
Upper Compartment LxWxH, 
Lower Compartment LxWxH, 

Air Force 
3000 ton 
452.5 
100 
71 
196.5x28.4x14 
226.25x28.4x19 

2.2 WEIGHT STATEMENTS (From References 2 and 3) 

The two concept developers provided the weight breakdowns 
tabulated in Figure 2.2-1. It is evident that different 
terminology and design approaches are being used. The short time 
period allotted for this study did not permit an investigation of 
the basis for the differences. These values were used as provided 
without question. 

2.3 LOADING/UNLOADING APPROACH 

2.3.1 Aerocon 5000-ton Wingship (From References 2 and 4) 

Figure 2.3-1 from Aerocon, Inc. shows the two main cargo decks 
as well as the access doors and ramps for the 5000-ton concept. 
There are two forward and two rear ramps inside the WIG fuselage 
that provide access to the upper deck. All four of these ramps may 
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WEIGHT STATEMENT FOR WIG DESIGNS 
WEIGHTS IN POUNDS 

Item 
Structure 

Fuselage 
Wing 
Empennage 
Landing Gear Ski 
Engine Bridge, Nacelle 

Propulsion 

Fixed Equipment 
Flight Controls 
Hydraulics 
Electrical 
Avionics 
Furnishings 
Air Conditioning 
Load & Handling 
Anti-Ice 
Aux Power 
Harbor Group 
Fuel System 
Emergency Equipment 

Weight Empty 

Operating Item Weights 

Operating Empty Weight 

Payload 

Fuel 

Takeoff Gross Weight 

Aerocon Air Force 
5000 ton 3000 ton 

821,976 1 019,530 
616,926 517,516 

' 360,870 178,521 
117,149 

217,475 196,305 

262,533 303,493 

57,690 38,125 
60,600 32,801 
56,380 22,979 
22,450 7,035 

388,275 39,185 
20,700 6,109 

2,400 
2,020 
1,600 

103,430 
297,100 213,195 
88,760 

3,286,405 2 697,971 

213,600 23,687 

3,500,005 2 ,721,659 

3,445,000 1 ,200,000 

3,052,400 2 ,078,341 

10,001,905 6 ,000,000 

Figure 2.2-1.  Weight Statements for WIG Designs 
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be lifted while loaded to a position level with the upper deck to 
permit full loading of the lower deck. Each of the two forward 
ramps is 25 ft wide and 135 ft long. The two rear ramps are 
tapered in width from 28 ft to 31 ft at the hinge location. When 
used for loading, the rear ramps are sloped at about a 10 percent 
grade. Essentially flat ramps at the rear and side door locations 
are required for cargo movement between the lower deck and either 
port facilities or a beach. These lower deck ramps have not been 
designed. 

Left and right rear cargo compartment doors are 31 ft wide and 
19.5 ft high. Left and right forward side cargo compartment doors 
are 25 ft wide and 19.5 ft high. 

Floor strength of the upper deck is less than the lower 
deck's. Aerocon recommends that the upper deck be restricted to 
lighter vehicles such as light helicopters, high mobility multi- 
purpose wheeled vehicles (HMMWV), and small trucks and trailers. 
Tanks and other heavy vehicles are carried only on the lower deck. 

The loading approach suggested by Aerocon (Reference 4) is to 
drive on through the rear doors. With the forward ramps in a 
position level with the upper deck, the forward ramps and fixed 
portion of the upper deck are loaded first. Then, the two rear 
ramps are loaded and hoisted into a horizontal position. With the 
rear ramps raised, the lower deck is loaded from front to rear. 

For unloading, Aerocon suggested exiting via the front side 
doors to permit forward drive-off when existing port facilities are 
available. The sequence of events is to unload the lower deck, to 
lower the forward ramps from the upper deck, and to unload all 
cargo on the upper deck. 

If port facilities are unavailable for unloading from the 
forward doors or a beachhead landing is required, unloading would 
be through the rear doors. To preclude backing vehicles off 
through the rear doors at the destination, they would be loaded 
through the front side doors at the CONUS port of embarkation. 

2.3.2 Air Force 3000-ton Variant of Northrop WIG (Reference 3) 

The inboard profile drawing, shown earlier in Figure 2.1-4, 
for the Northrop 800-ton WIG depicts a nose visor door and rear 
port side doors for loading and unloading. No dimensions are given 
for these doors. It is assumed that the nose visor door will open 
completely to provide straight-in loading/unloading access to the 
full 28.4 ft wide and total 33+ ft high (14 ft upper, 19 ft lower, 
plus upper floor thickness) cargo compartment. The two rear 
loading doors appear to give full height access; the total width of 
the two doors appears to be about 60-percent greater than the 
height. 

No ramps or other equipment are shown in the drawings for 
loading and unloading. Integral ramps, similar to those on the 
Aerocon concept, could be developed as a future design refinement. 
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2.4  PERFORMANCE CAPABILITIES 

2.4.1 Aerocon 5000-ton Wingship (From Reference 2) 

Aerocon derived the payload-range curve in Figure 2.4-1 by- 
using the Brequet range equation and the following design 
performance parameters: 

o Takeoff Gross Weight, W0 5000 tons 
o Empty Weight, WE = 0.3588 W0 1794 tons 
o Max Fuel, W^ = 0.52 W0 2600 tons 
o Max Payload, Wp^ = 0.345 W0 1725 tons 
o Max Payload at WFlMX 606 tons 
o Cruise Velocity, Vc 400 knots 
o Cruise Altitude, He 12 feet 
O Cruise L/D 32.5 
o Cruise Thrust Specific Fuel Consumption  0.55 
o Reserve Alternate Field Distance 350 nm 
o Additional Reserve Allowance 5 percent 

The block flight time (TBL) for missions carrying at least 606 
tons of payload over a range (R) is given by the equation: 

TBL = R/400 + 3 hours 

With lighter payloads or on return flights, the block flight time 
is : 

TBL = R/370 + 3 hours 

Refueling is accomplished via four fuel lines, each seven 
inches in diameter. All four lines are connected at the tip of one 
wing; either wing tip can be used. Each line delivers 585 tons of 
fuel per hour. The time to refuel (T^) is estimated to be: 

TRF = WF/2340 + 0.5 hours 

where WF is the weight of fuel added. 

For overland flight distances (R0) , the degradation in range 
Rd for payload-range performance is given by 

Rd = 1.36 R0 + 165 nm 

This degradation is for overflight at an altitude of 6000 feet and 
an air speed of 400 knots. 

2.4.2 Air Force 3000-ton Variant of Northrop WIG (Reference 3) 

The Air Force provided the payload-range curve shown in Figure 
2.4-2 for the 3000-ton WIG, and a single invariant block speed 
value of 308 knots. No other performance data have been provided. 
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3.0  EFFECTIVENESS EVALUATION 

Effectiveness of the two WIG concepts is measured by the 
length of time it takes various fleet sizes of each concept to move 
two U.S. Army heavy divisions from CONUS to SWA. Acceptable fleet 
sizes are those which deliver the two divisions quicker than if 
they are transported by ship. For this evaluation, the number of 
loads is determined for each WIG to carry each division. Next, the 
travel time is calculated for delivering one load over the mission 
route to the destination, taking into account loading, unloading, 
refueling, and transit time. The time to close (deliver) an entire 
Army division is a function of the total number of loads required 
by the division and the round-trip travel time by the WIGs. This 
closure time accounts for the time to move the division from its 
beddown location to the seaport of embarkation (SPOE) and the 
staggered delivery sequence by the WIG fleet that fits within load 
and unloading facility constraints. The closure time of each 
division is a key factor in determining its wargaming effectiveness 
benefits achieved through earlier delivery in theater by the WIGs. 
Details on the effectiveness evaluation are presented next. 

3.1  WARGAME SCENARIO DESCRIPTION 

The scenario used to assess the benefits of the WIG's lift 
capabilities involves the outbreak of hostilities in Southwest Asia 
(SWA). Figure 3.1-1 lists key elements of the Reference 1 Mobility 
Requirements Study (MRS) rational for selecting the SWA scenario as 
the most demanding case for analysis of mobility systems. This 
scenario does not differ drastically from the Desert Shield/Desert 
Storm conflict. 

Our SWA scenario is similar to that of the MRS. Iraq invades 
Kuwait with the ultimate objective of gaining control of Saudi 
Arabia and the Persian Gulf. A coalition force consisting of a 
number of free world nations is formed to stop Iraq's advancement 
into the Saudi peninsula and restore national geographic borders to 
their pre-hostilities positions. Figure 3.1-2 lists scenario 
highlights. 

The U.S. provides combat forces and the overall Coalition 
Force Commander. The scenario begins with intelligence sources 
reporting the build-up of Iraqi forces near Kuwait's borders. 
Based upon this intelligence and the request for assistance by the 
Gulf States, the U.S. President orders the deployment of some U.S. 
forces to SWA. Deployment begins at C-Day (the date from which 
movement time is calculated). U.S. Air Force Fighter Squadron 
Equivalents (FSE), a U.S. Airborne Division, a Patriot Battalion, 
Special Forces elements, and some Combat Service Support elements 
are deployed to Saudi by strategic airlift. 

The equipment of two Army heavy mechanized brigades and a 
Marine Expeditionary Brigade (MEB)/Marine Expeditionary Unit (MEU) 
has been loaded on afloat pre-positioned ships berthed at Diego 
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Garcia. These ships are ordered to sail for Saudi immediately. 
The personnel and some "equipment of these units are deployed from 
CONUS by strategic airlift. All elements of this initial force 
must close in Saudi Arabia by C+14 or sooner. 

The ground elements of the initial force, with those of other 
coalition forces (3 1/3 heavy divisions) , establish defensive 
positions along the Saudi-Kuwait, Saudi-Iraqi borders prior to D- 
Day. (D-Day, which occurs on C+18, is the date the Iraqi forces 
cross the Kuwait border.) The airborne division is held in rear 
assembly areas as the Theater reserve. 

Iraqi forces, consisting of 19 divisions in 1st and 2nd 
echelons formations, are posed to strike into Kuwait and Saudi 
Arabia on D-Day. An additional 20 divisions are available at 
various locations in Iraq for employment if required. These ground 
forces are supported by more than 600 fixed wing aircraft, 190 
attack helicopters, and 20C long range surface-to-surface missiles 
(improved SCUDS). The coalition forces consist of 5 1/3 divisions, 
supported by about 1000 combat fighters and attack helicopters. 
Figure 3.1-3 summarizes the force resources for both sides. 

On C-Day, two CONUS-based Army Mechanized Divisions prepare 
for deployment to SWA. These divisions are sealifted to the 
objective area with a required delivery date (RDD) of C+27. One of 
these divisions is located at Ft. Stewart, GA and uses Savannah as 
its seaport of embarkation (SPOE). The other is located at Ft. 
Hood, Texas and is outloaded at the Beaumont, Texas SPOE. 

An early halt of Iraq's advance assures the continual 
unimpeded operation of air and sea ports of debarkation vital to 
delivery of follow-on forces and resupply sustainment. Follow-on 
forces are essential to force the withdrawal of Iraqi forces from 
Saudi Arabia and Kuwait. 

This study's variant of the MRS SWA scenario considers 
delivery of the two U.S. heavy divisions by WIGs instead of 
sealift. These divisions are loaded on various fleet sizes of the 
two WIG configurations to determine if the WIG can deliver them to 
the area sooner than the sealift RDD. 

3.2 UNIT DESCRIPTIONS 

Each of the two heavy mechanized divisions selected for 
deployment by the WIGs have a total tonnage of 96,095 tons. Each 
division has 17,679 people, 8,350 vehicles, and the primary weapon 
systems listed in Figure 3.2-1. Appendix A contains a list of the 
different types of equipment in a heavy mechanized division. 
Figure 3.2-2 provides a breakdown of the division's contents into 
Air Force standard categories of outsized, oversized, bulk, and 
passengers. 

3.3 LOADING ANALYSIS 

Lockheed's modified version of the Air Force's Airlift Loading 
Model (ALM) provided the number of loads required by each WIG 
concept to carry the Army divisions. The model loads aircraft with 
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military troops, vehicles, and palletized cargo. It determines if 
vehicles can be loaded by checking the dimensions of each vehicle 
with those of the aircraft cargo compartment. User-specified 
clearances are considered. 

The first vehicle selected is the widest that will fit into 
the aircraft's cargo compartment, observing all payload and loading 
constraints. Loading begins at the forward left corner of the 
cargo compartment. Vehicles are loaded side by side, where the 
next vehicle loaded is the widest vehicle that fits in the 
remaining space. Loading continues from fore to aft in the cargo 
compartment. 

Secondary to the loading of vehicles is the loading of troops 
and palletized cargo. Troops may be loaded along the sides of the 
cargo compartment or in a separate passenger compartment. Troops 
are either loaded first, at the expense of vehicle payload, or 
last, after the maximum number of vehicles has been loaded if space 
and a portion of the allowable cabin load (ACL) remain. 

Pallets are loaded only when vehicles no longer can be loaded 
in the cargo compartment and both space and ACL remain. They can 
also be loaded on aircraft that carry only palletized cargo. 

Figure 3.3-1 lists the cargo compartment dimensions used in 
the loading analysis of the two WIGs. 

3.3.1 Loading Analysis Assumptions 

Because of limitations with ALM, many assumptions must be made 
to load the WIGs. Among these are assumptions about the cargo and 
passenger compartments. 

ALM can model only one cargo compartment per aircraft at a 
time. The WIG has upper and lower decks that are to be loaded. 
The cargo compartment ramp is not considered separately in this 
loading analysis. Therefore, each WIG is modeled as two aircraft, 
an upper deck aircraft (WIGo) and a lower deck aircraft (WIGL) . 
ALM loads these two aircraft in a 1:1 ratio. The total number of 
loads determined by the model for both aircraft is then divided by 
two to obtain the actual number of WIG loads. 

Because a WIG is modeled as two separate aircraft, the 
allowable cabin loads (ACLs) for each aircraft must be determined. 
This is done by calculating the areas of both the upper and lower 
decks and then determining what percentage each deck is of the 
total area for both decks. The upper and lower decks are 35 
percent and 65 percent, respectively, of the total cargo deck area 
on the 5000-ton WIG. Multiplying the WIG's total ACL by these 
percentages produces the ACLs for the upper and lower decks. This 
approach is independent of deck strength. 

The WIG's ACL is based on the distance that the divisions must 
be moved. The ACL for the 5000-ton WIG is 1725 tons, resulting in 
an upper deck ACL of 603 tons and a lower deck ACL of 1122 tons. 
The ACL for the 3000-ton WIG is 600 tons, resulting in an upper 
deck ACL of 282 tons and a lower deck ACL of 318 tons. 
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Typical cargo compartment clearances of six inches on each 
side and three inches on the top are used for loading vehicles. 
Clearance between vehicles is six inches on each side, front, and 
rear. 

ALM can model only one passenger compartment. This 
compartment is placed on the WIGu aircraft with a capacity of 350 
passengers. The passengers, weighing 300 pounds each, are loaded 
first. 

ALM allows loading through only one cargo compartment door. 
Therefore, the WIG is loaded through the rear door. Door 
clearances of six inches on each side and three inches on the top 
are specified. 

3.3.2 Loading Analysis Results 

The number of pallets that the WIGu and WIGL aircraft carries 
is determined by calculating how many 463L pallets (size 108 in. x 
88 in.) can fit in the upper and lower deck areas. Each pallet 
weighs 300 pounds and has an average load capacity of 5000 pounds. 
As shown in Figure 3.3-2, the 3000-ton WIG has a pallet capacity of 
168 pallets, with 78 pallets on its upper deck and 90 on its lower 
deck. The 5000-ton WIG carries a total of 514 pallets, with 170 on 
the upper deck and 344 on the lower deck. 

To move the 192,190 tons of the two heavy mechanized divisions 
requires 128 loads with the 5000-ton WIG and 370 loads with the 
3000-ton WIG. For comparison, movement of these two divisions by 
more conventional mobility assets requires either 12 loads on 
40,000-ton LMSR ships or 1568 loads on 131-ton payload C-5s. 

3.4  GROUND FORCE CLOSURE ANALYSIS 

Closure times for this WIG study are computed using a simple 
steady state analysis to insure a balanced and steady stream of 
aircraft throughout the deployment. Using the Lockheed developed 
Closure Estimate Model (CEM), the closure times are calculated 
based on the number of loads generated by the Airlift Loading 
Model, the interval between takeoffs, and the enroute flight time. 
The interval used is cycle time divided by the fleet size. 

The following input parameters are used in the analysis: 

Description 
Utilization Rate 
Load Time 
Unload Time 
Enroute Refueling Time 
Fleet Size for 5000-ton WIG 

3000-ton WIG 
Land Transit Time for 

Ft Stewart Division 
Ft Hood Division 

Value 
24.0 hours per day 
10.0 hours 
4.0 and 10.0 hours 
1.25 hours 
10, 20, & 30 
10 to 90 in increments of 10 

2 days 
4 days 
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Separate routing was done for the deployment analysis for both 
the 5000-ton and 3000-ton WIG configurations. Figure 3.4-1 shows 
a world map and the notional routes used by the WIGs for transit 
between CONUS and SWA. Figure 3.4-2 lists the mission segments and 
distances actually used in the analysis for the two WIGs; block 
speeds are posted for the segments selected for each WIG. 

Documentation provided by Aerocon Inc. in Reference 2 for the 
5000-ton WIG indicates that the full 1,725-ton payload can be 
delivered to any destination with two refuelings using routes up to 
12,341 nm (one-way) at a block speed of 400 knots. 

Documentation provided by the Air Force in Reference 3 for the 
3000-ton WIG indicates that the range at maximum payload is 4,050 
nm with a block speed of 308 knots. This range limitation requires 
the 3000-ton WIG to be refueled at two enroute stops as well as at 
the destination. 

Parametric variations in WIG fleet size were examined to 
determine the time required to deliver the Ft Stewart division via 
Savannah followed by the Ft Hood division via Beaumont to the 
theater for use in the campaign analysis of section 3.5. 
Acceptable fleet sizes are those that close the two divisions, 
preferably by C+18 but no later than C+27. 

Figures 3.4-3 and 3.4-4 display the closure periods for 5000- 
ton WIG fleet sizes of 10, 20, and 30. Both figures allow 10 hours 
to load each WIG; the difference is in the unloading time. 
Analysis provided by the Maritime Transportation Management Command 
in Reference 5 suggests that 4 hours may be adequate for straight- 
ahead drive-off unloading. If backing is required or if the 
vehicles must turn during drive-off, then the unloading time could 
be as high as 10 hours. With the shorter unload time, a fleet of 
20 5000-ton WIGs closes both divisions by day C+20; with the longer 
unload time, the same fleet achieves closure a day and a half later 
at C+21.5. 

Figures 3.4-5 and 3.4-6 provide similar closure data for the 
3000-ton WIG. A fleet of 84 closes both divisions by day C+18 with 
a 4-hour unloading time. 

Data for the parametric fleet sizes from Figures 3.4-3 to 3.4- 
6 are combined in Figure 3.4-7 into continuous curves to permit the 
selection of specific fleet sizes for other desired closure times. 
This figure gives fleet sizes for the two concepts to achieve 
identical closure times. This information expands the 
applicability of the campaign effectiveness results in section 3.5. 
Specifically, the campaign result for a fleet of 20 5000-ton WIGs 
is the same as for a fleet of 74 3000-ton WIGs. 

Differences in delivery capabilities for the two WIG point 
designs are due to their substantial differences in block speed and 
payload-to-gross-weight fraction. The developers of the two WIGs 
provided single invariant block speeds, regardless of range, of 308 
knots for the 3000-ton design and 400 knots for the 5000-ton 
design. Major structural design differences between the two 
concepts exist because the payload-to-gross-weight fraction for the 
5000-ton WIG is 0.345, while it is a much poorer 0.2 for the 3000- 
ton WIG. 
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3.5  WARGAMING AND EFFECTIVENESS ANALYSIS 

The combat worth and military utility of WIGs was determined 
in this study by using Lockheed's version of the Air Force's Tac 
Thunder campaign simulation model, as described in Appendix B. 

The SWA scenario formulated from the Mobility Requirements 
Study of Reference 1 and discussed in section 3.1 is the setting 
for evaluating the campaign effectiveness of the two WIG concepts. 
In this scenario, Iraqi armies invade Kuwait and continue into 
Saudi Arabia to gain control of the Saudi peninsula and oil fields. 
Figure 3.5-1 shows Tac Thunder's initial combat unit beddown, 
avenues of attack, and Allied defense objectives. At D-Day (C+18) , 
Iraqi ground forces begin the attack as they move through Kuwait 
into Saudi Arabia. The Iraqi Air Force simultaneously initiates 
offensive air operations. Coalition ground forces occupy prepared 
defensive positions awaiting contact with Iraqi forces. Coalition 
Air Forces maintain a defensive posture until the enemy crosses the 
Kuwait border on D+l. Figure 3.5-2 summarizes Iraqi and Coalition 
combat air assets actively committed to the campaign. 

Three force cases are considered in this analysis. In the 
baseline case, only surface transport ships are used to deliver 
heavy combat divisions from CONUS to the theater after the initial 
light forces are delivered by existing strategic airlift. Two 
excursions from the baseline case examine WIGs delivering two heavy 
divisions that were delivered by sealift by C+27. These two cases 
are for fleet sizes of ten and twenty 5000-ton WIGs, which deliver 
the two divisions in theater at the times determined by the closure 
analysis reported in section 3.4. 

The principle measure of merit in this campaign analysis is 
FLOT movement which shows the effect of earlier delivery of forces 
into the theater. Figure 3.5-3 depicts FLOT movement for the 
baseline case in which two U.S. Mechanized Divisions deploy into 
the theater by surface ships unloading at Dhahran. One division 
arrives at D+7 and the other at D+9. By D+15, the Saudi defense 
objective line has been penetrated and the port city of Al Jubayl 
is under siege. At D+25, Iraqi troops are shelling Dhahran, and by 
D+30, Dhahran is occupied by Iraqi forces. Loss of both ports of 
debarkation greatly reduces the capability to deliver essential 
heavy follow-on forces. 

Figure 3.5-4 displays the FLOT movement over time when the two 
divisions are delivered to Dhahran by a fleet of ten 5000-ton WIGs. 
This lift capability delivers the first division on D+l. The 
second division is employed into combat one brigade at a time, 
based on deployment arrival, to reinforce out-numbered coalition 
forces as rapidly as possible. The second division's three 
brigades arrive on D+6, D+ll, and D+17. FLOT movement for the 
first fifteen days of combat is less than that of the baseline 
case, as the first division arrives earlier by WIG than it did by 
ship. However, the second division is introduced at a slower rate 
than the baseline case, and FLOT movement decays more rapidly after 
D+15. Iraqi forces penetration is slowed in the coastal sector 
where the first division is employed at D+l, but in the Riyadh 
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sector, penetration is greater than in the baseline case due to the 
second division's later arrival and employment. At the end of 30 
days, Coalition defenses have been overrun. Iraqi forces isolate 
Al Jubayl, Dhahran, and the coalition forces in the coastal sector. 

Figure 3.5-5 displays the FLOT movement when the two U.S. 
Divisions are delivered to the theater by a fleet of twenty 5000- 
ton WIGs. This lift capability delivers the first division prior 
to D-Day and the second division arrives shortly after D+2. With 
delivery and employment of the two U.S. divisions at or near D-Day, 
Iraqi penetrations are stymied. Coalition defensive objectives are 
met, the port cities of Al Jubayl and Dhahran are never threatened, 
and the delivery of follow-on forces needed for Coalition offensive 
operations can proceed as planned. 

Invading armies rely on outnumbering their opponent on the 
battlefield to take and hold ground. Figure 3.5-6 displays the 
force ratios for the ground combat units. Mechanized Armor 
Division and Brigade symbols indicate when that division or brigade 
arrives in theater. The baseline case shows that the engaged force 
ratio exceeds 2-to-l (red to blue) at D+6. The addition of the two 
mechanized divisions did not occur early enough in the conflict to 
effect the ratio and deter enemy advancements. Coalition forces in 
prepared defensive positions are soon overwhelmed. With the early 
introduction of one mechanized division in the ten WIG case, 
coalition forces maintain a ratio below 2-to-l longer than in the 
baseline case. However, the deployment of the second division in 
one brigade increments does not attrit enemy forces quickly enough 
to prevent the enemy from achieving a 2-1 edge and achieving a 
breakthrough on D+13. The arrival of the last brigade reduces the 
Iraqi advantage, but it is too late to stop the advancement. 

The twenty WIG case delivers the initial division prior to D- 
Day and the second division shortly after D+2. With this delivery 
schedule, the force ratio of ground combatants is well below 2-to-l 
throughout the conflict. Without a large force advantage, Iraqi 
forces are unable to breakthrough Coalition defenses. The Iraqi 
invasion is repelled and the Coalition is able to assume the 
offensive as follow-on forces arrive. 

Battlefield force ratio is driven by the amount of armor 
vehicle kills generated by each side. Figure 3.5-7 plots Iraqi 
armor vehicles killed by Coalition forces over time. Armor kills 
in the baseline case are not adequate to control FLOT movement and 
to achieve defense objectives. In the twenty WIG case, more armor 
kills occur sooner which dramatically impacts FLOT movement, as 
previously discussed. Initial armor kills in the ten WIG case are 
comparable to those of the twenty WIG case, although the second 
division is inserted later by the ten WIG fleet, but armor kills 
fall off beyond D+5 and the FLOT moves deeper into Saudi Arabia. 

3.6  SUMMARY OF EFFECTIVENESS RESULTS 

Campaign analysis for the WIG concepts links lift capability 
with combat outcome. The baseline lift capability deploys two 
heavy divisions by sealift which is insufficient to meet the 
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demands of the SWA scenario. Utilizing a high speed, high 
volume/mass transport system is essential to satisfy the mobility 
requirements of this scenario. A 5000-ton WIG has the capacity 
necessary to deliver the required forces with a fleet size of 20 
vehicles; a fleet size of 10 vehicles is inadequate. 

From Figure 3.4-7, shown earlier, a fleet of 74 3000-ton WIGs 
is required to close the two heavy divisions in the same time 
period as a fleet of 20 5000-ton WIGs, with the same campaign 
results. 
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4.0  POTENTIAL COMMERCIAL APPLICATIONS 

4.1 IDENTIFICATION .OF CANDIDATE APPLICATIONS 

The use of WIGs in commercial applications will depend on 
their ability to compete with other forms of transportation on a 
cost effective basis. The WIG has the potential to provide a 
unique capability, which is not found in either aircraft or ships, 
by offering the opportunity to deliver cargo that usually must be 
carried by ships, at speeds generally associated with airlift. It 
is not anticipated that WIGs will be a replacement for either 
sealift or airlift; rather, they will fill an existing requirement 
which complements ships and aircraft by providing the capability to 
efficiently transport time sensitive, high value, large, outsized, 
or heavy cargo loads at high speeds. 

Lockheed anticipates that very large WIGs, such as the Aerocon 
5000-ton Wingship, will not be produced in the near future. There 
will be a development cycle which will require smaller variants to 
develop the necessary databases and address the technology issues. 
During the operational development of smaller classes of WIGs, it 
will also be necessary to explore the potential of this type of 
vehicle to operate out of ground effect. Questions on the 
desirability of operations out of ground effect and on practical 
altitudes must be resolved. We also anticipate that the initial 
class of WIGs, though smaller, would become operational vehicles 
for military, commercial, and civilian law enforcement use. 

Our initial studies suggest that the first WIGs may be suited 
for the applications listed in Figure 4.1-1. These WIGs will 
probably be capable of carrying 50,000 to 100,000 pounds of cargo 
for ranges of up to 6000 nautical miles. This type of long range 
vehicle with the proper cargo box design could have an immediate 
commercial applicability by providing high value and/or time 
sensitive outsized commercial cargo transport and an efficient, 
time saving automobile ferry. Other variants of this class of WIGs 
could support law enforcement by providing a very fast response 
vehicle for drug interdiction and a fast customs and immigration 
patrol capability for the Border Patrol. It could also provide the 
Coast Guard a much faster response capability for their maritime 
patrol and search and rescue (SAR). activity. Finally this class of 
WIG would also provide rapid response capability for environmental 
disaster teams (such as responding to an oil spill), or 
transporting personnel and relief supplies to an island or coastal 
community which has suffered an earthquake, hurricane, tidal wave, 
or other disaster where the infrastructure had been damaged or 
destroyed. 
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4.2 ANALYSIS OF CANDIDATE APPLICATIONS 

Figure 4.2-1 summarizes our preliminary estimates of 
requirements for the initial class of WIGs for use in non-military 
applications. These requirement values are a best estimate, and 
establish a baseline for a more detailed requirements analysis. 
Further analysis is needed to predict some of the requirement 
values, as evident by the TBD notation on the figure. 

4.2.1 Out-Sized Commercial Cargo Transport 

The aerodynamic efficiency of a vehicle operating in ground 
effect will relax some of the configuration constraints that now 
drive the designs of standard cargo aircraft. Further, the sea 
keeping efficiency and other technology advantages of a twin hull 
vehicle make catamaran and spanloader design technology much more 
practical, opening up the potential for new and innovative 
configuration ideas. These things combine to make outsize cargo 
boxes more feasible while maintaining a high level of operational 
and fuel efficiency. 

The operational experience and databases necessary for this 
type of vehicle to compete in the commercial market place will come 
from the initial military use of these WIGs as high speed, out sized 
cargo carriers and from some of the alternate military missions now 
being proposed. As operational experience is gained and the 
efficiency of the vehicle proven, the commercial transport industry 
will begin to look for ways to exploit the smaller WIG's 
capabilities. When the commercial viability of this class of WIGs 
is shown, a strong constituency will emerge and make development of 
heavy lift WIGs more economically feasible. 

4.2.2 High Speed Automobile Ferries 

The initial class of small WIG vehicles will be ideally suited 
for use as automobile ferries. The first application will most 
likely be to replace existing ferries, especially those that take 
more than one hour to complete a crossing. For many current ferry 
crossings, few special passenger accommodations would be required 
in the replacement WIG since the crossing time would be reduced to 
under an hour. • For crossings that lasted much more than an hour 
with the WIG, passenger accommodations could be provided that are 
similar to those currently available on current automobile ferries. 

Future applications could include longer range operations 
along coast lines and between islands such as those that make up 
the State of Hawaii. These operations are similar to auto-train 
operations except travel speeds would be nearly the same as flying. 
It would provide the ability to board a ferry with your own 
automobile, travel at near aircraft speeds, and have transportation 
at your destination. The elimination of overnight expenses and 
auto rental expenses could make this type of venture very cost 
competitive with both normal driving and airlines. 
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4.2.3 Civilian Law Enforcement - Drug Interdiction Vehicle 

The current speeds of surface ships used in drug interdiction 
require that they remain at sea for many days. Further, many of 
the drug runners are using high speed power boats that can outrun 
many of the patrol craft used in interdiction operations. The WIG 
would be able to respond from a port and intercept a suspect ship 
several hundred miles out to sea in less than an hour. The 
interceptor would be able to use radar and other active search 
modes without out fear of the suspect detecting its operations and 
running away. No drug runner would be able to outrun the 
intercepting WIG as it would have overwhelming speed advantage (at 
least three to five times faster) . The cost savings of having 
these interceptors able to respond from port, having the ability to 
run down any drug runner, and being able to operate with fewer 
interceptors will provide more cost effective interdiction 
operations. It would also be very easy to arm the WIG in a manner 
similar to current drug interdiction patrol boats. 

4.2.4 Customs and Immigration Patrol 

The Border Patrol would gain the same intercept advantages 
with WIGs that would be available to drug interdiction forces. In 
addition, if patrols of long shore lines or large open ocean areas 
were required, the WIG would be able to effectively patrol an area 
which currently requires many conventional patrol boats. The high 
speed of the WIG would make random patrols much more effective, 
since very few boats would be able to get out of the way even with 
warning that a patrol boat had left port. Again, with fewer 
vehicles required for patrol operations and long range intercept 
from port possible, there would be distinct cost advantages. 

4.2.5 Coast Guard Patrol and Search and Rescue 

The Coast Guard can exploit the WIG for patrol activities in 
the same manner as law enforcement and customs and immigrations. 
Rapid response from port offers the potential for significant cost 
advantages. In addition, the WIG's ability to respond rapidly from 
port combined with current airborne search capability provides a 
much faster response time for pick up of survivors of ships and 
aircraft lost at sea . The hours that are currently required to 
get a ship into an accident site for pick-up can easily make the 
difference between everyone being lost, and the survivors being 
picked up alive. 

4.2.6 Disaster Response 

The speed of the WIG will enable disaster response teams to 
reach many disaster areas much faster than they can now. In an oil 
spill for instance, the increased speed will allow the response 
team to have control booms in the water a few hours after leaving 
home port.  The less the spill spreads, the faster it can be 
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cleaned up. This rapid response, and the ability to get the spill 
controlled away from the shore will minimize the potential for the 
contamination of prime shore areas and greatly reduce the impact to 
wild life in the area. For response to a natural disaster that has 
destroyed the existing infrastructure, the inherent amphibious 
capability of the WIG could greatly reduce response times. The 
ability to put supplies and rescue teams in very quickly could save 
hundreds of lives. In both of these cases, rapid response is 
essential to mission success, and in both of these cases, the 
response time is currently driven by the speed of slow conventional 
surface ships. 

4.3 ISSUES ON COMMERCIAL APPLICABILITY 

The transition from military to commercial use will depend on 
the operational capabilities of the WIGs, and the experience that 
they have had with safety. Figure 4.3-1 illustrates the concerns 
with safety that must be addressed prior to full scale commercial 
operations. 

When the WIG's safety and reliability are proven through 
military usage, commercial enterprises will try find cost effective 
ways to exploit their capability for meeting the needs of the 
civilian community. This transition will be helped by the fact 
that the projected sizes and performance of WIGs being considered 
for military use will lend themselves to commercial operations. 
The need to design the military WIGs so that they will be able to 
use existing commercial port facilities in both the United States 
and host countries, will further enhance the transition from 
military to commercial use. 

In the commercial market place, the WIGs must prove themselves 
to be cost effective to be competitive with alternate means of 
transportation. To determine the cost effectiveness of the various 
vehicles, it will be necessary to conduct studies which compare the 
costs and efficiencies of both air and sea shipments to WIG 
shipments. For example, the current cost of acquiring a large ship 
and a large size cargo aircraft are similar. Acquisition costs for 
a roll-on/roll-off ship and a C-5 aircraft are both about 225 
million dollar. There are also costs associated with the operation 
of these vehicles. The cost per pound or ton of moving cargo from 
point A to point B must include the operational costs such as the 
costs of fuel, maintenance and the crew, and amortize the cost of 
the ship or aircraft for the portion of its life span used in 
transporting that cargo. This amortization must also include 
things other than the direct costs such as the cost of money to 
purchase the vehicle and the time to load and unload cargo. There 
are many other factors which must be determined and investigated. 
The fact that the analysis must include both air lift and sea lift 
and develop a reasonably accurate cost per pound for a WIG to 
transport cargo makes this study different and more difficult than 
similar studies that have looked at just sea lift or just air lift. 
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There are many technical issues that must be addressed. The 
basic design of the WIG is only a part of the problem. To grow to 
the full size potential, the WIG will require extensive structures 
and materials work. There is no proven direct translation or 
scaling of current aircraft structural design practices to the 
structural layout that will be required to support the huge WIG 
vehicles currently being proposed. Not only must the structure 
support the large vehicle, it must also provide the strength to 
absorb the impacts associated with takeoff and landing on the 
water. Ship design practices will probably offer some insight into 
the problem, but this will require study and familiarity with both 
aircraft and ship design practices. This design problem alone will 
probably be sufficient to require that the smaller classes of WIGs 
discussed earlier in this section be the starting point of serious 
WIG development. 

Resolving the structural design and strength issues may 
require development of new materials if the structural fraction is 
to be held to reasonable proportions. In addition, all materials 
used in the WIG must be compatible with extensive exposure to sea 
water, salt spray, and the marine atmosphere. It may also be 
necessary to develop high temperature, salt resistant materials for 
use in the engines. 

Operationally, there is no data base available for a large WIG 
concept. Many questions must be answered. For instance, is it 
practical for the WIG to have a free flight capability out of 
ground effect? If it is, how high should it be able to go, and is 
there a point where going above a certain altitude will cost more 
that it is worth? In addition, there are many questions about 
weather penetrations and high sea state operations that must be 
answered. The only operational databases are resident in the 
Former Soviet Union and they are very limited in nature. These 
databases must be created through development testing and follow-on 
military operations. 

The WIG offers a major improvement in our ability to move 
large cargos at high speeds. To exploit this capability we will 
require a well planned program. The concept must be proven to be 
reliable and affordable in the commercial market place. Continuing 
study of the technical issues, the cost effectiveness issues, and 
determining what are the real requirements will be the key to a 
successful affordable program. 
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5.0  COST ANALYSIS 

To estimate the acquisition and life cycle costs for the two 
WIG point designs, we used our Lockheed Life Cycle Cost Model 
(LLCCM), which is described in Appendix C. These WIG concepts are 
non-conventional air vehicles for which there are minimal program 
and configuration data. To overcome this lack of data, we 
established a set of program cost ground rules and made many 
assumptions about configuration details. These ground rules, 
assumptions, and the resulting cost data are presented in the 
following sections. 

5.1  COSTING GROUND RULES 

The basic ground rules used for this study are as follows: 

o Year of Economics(constant dollars):  1994 

o Technology availability date(TAD): 1997 

o Compressed, accelerated EMD begins building:  1998 
-- One-quarter scale airframe as a static and 

fatigue test article 
-- One full scale test vehicle for flight testing, 

evaluation, and qualification, which will be 
converted to an operational vehicle after 
completion of tests 

o EMD first flight:  2003 

o Production start: 2007 

o First delivery(including converted test vehicle):  2009 

o Initial Operational Capability (IOC):  2010 

o Peak annual production rate (3000-ton/5000-ton):  5/2 

o Production aircraft quantity (3000-ton/5000-ton):  85/25 

o Aircraft per squadron (3000-ton/5000-ton):  14/10 

o Total squadrons (3000-ton/5000-ton):  6/2 

o Pipeline spares & trainers (3000-ton/5000-ton):  10/3 

o Flying hours per vehicle per year:  350 

o Operational lifetime:  20 years 

o Operating locations:  2 
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5.2 CONFIGURATION-RELATED COST ASSUMPTIONS 

Constrained by the limited definition and data for the two WIG 
concepts, the engine and avionics costs are assumed to be twice 
those for the C-5B, the closest size aircraft for which we have 
data. The engines are assumed to be similar to the PW-4084 high 
bypass ratio turbofan. The avionics suite is assumed to be similar 
to that on the C-5B aircraft, but with a much higher level of 
redundancy. 

The airframes are postulated to be constructed with 80 percent 
metal and 20 percent composite materials. The labor costs vary 
with the mix of advanced materials; therefore, development of the 
advanced material adjustment factor begins with a breakdown, by 
weight and percentage, of the types and quantities of each material 
utilized. For example, historical data shows that use of 
composites requires 60 percent more engineering design labor than 
use of conventional metals, while use of advanced metals costs 10 
percent more. 

5.3 Flyaway Costs 

The primary focus of the cost analysis is to establish a valid 
Unit Flyaway Cost (UFC) for each configuration, where UFC is the 
average procurement cost for the airframe (manufacturing material 
and labor for each of the structural components and subsystems), 
avionics, engines, and miscellaneous non-recurring startup costs 
and allowances for changes. Total procurement cost simply 
multiplies unit UFC by the production quantity and adds the costs 
for initial spares, technical data, publications, support 
equipment, and training equipment. 

Figure 5.3-1 compares the summary elements of UFC for the two 
concepts. All costs are fully burdened (cost to the Government) 
and represent an average air vehicle cost for a buy of 25 5000-ton 
and 85 3000-ton WIGs in constant 1994 dollars. Due to its smaller 
size and greater learning curve benefit with a larger production 
run, the unit flyaway cost of the 3000-ton WIG is approximately 1.2 
billion dollars lower than for the 5000-ton WIG. 

If the unit flyaway costs are normalized to the payload 
capability of the vehicle, the benefits of the 5000-ton WIG are 
evident in its payload specific cost value of 1.6 million dollars 
per ton versus the 2.6 million dollars per ton for the 3000-ton 
WIG. For comparison with existing vehicles, the value for the C-5 
is 1.6 million dollars per ton, and the value for a new LMSR is 
0.012 million dollars per ton. 

5.4 LIFE CYCLE COST 

Life Cycle Cost (LCC) includes non-recurring cost, recurring 
cost, and operations and support (O&S) cost. Figure 5.4-1 compares 
the major life cycle cost elements for the 3000-ton and 5000-ton 
WIG concepts. The results show that the 5000-ton vehicle is a less 
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expensive system than the 3000-ton vehicle over the life of the 
program. 

The relatively higher non-recurring cost (i.e., EMD cost) of 
the 5000-ton vehicle is attributed to the greater amount of 
engineering that is required to design and develop the larger 
vehicle. The total procurement recurring cost of the 5000-ton 
vehicle is a considerably lower than for the smaller vehicle due to 
the large difference in the number of vehicles built. 

The total O&S cost of the fleet of 5000-ton vehicles is 
approximately 27 billion dollars lower than for the fleet of 
smaller vehicles over the life of the program. This is indicative 
of the total manning and the number of operating vehicles. For 
this analysis, values for reliability, maintainability, utilization 
rate, and fuel burned per hour are approximately constant for both 
concepts. Detailed breakdowns of the O&S cost elements for the two 
WIG vehicles are included in Appendix C. 

The LCC comparison of the two design concepts demonstrates the 
value of operating a larger vehicle over a smaller one, if and only 
if, the larger vehicle can be used to its full load capacity. The 
larger vehicle shows a saving of approximately 89 billion dollars 
over the life of the program. The major decrease in LCC is the 
result of 25 5000-ton vehicles being able to perform the same 
mission that requires 85 3000-ton vehicles. 
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6.0  CONCLUSIONS AND RECOMMENDATIONS 

The major conclusions and recommendations of this study are 
listed in Figures 6.0-1 and 6.0-2, respectively, and are discussed 
below. 

6.1  CONCLUSIONS 

WIGs offer the potential of being a unique mode of 
transportation that can deliver heavy Army units usually carried by 
ships but at aircraft speeds. Every item of equipment organic to 
a U.S. Army heavy mechanized division can be effectively loaded on 
both the 5000-ton and the 3000-ton WIG configurations. Doors for 
the cargo compartments are sufficiently high and wide to 
load/unload every item of equipment in the Army inventory. 

Movement of two U.S. Army mechanized divisions from CONUS to 
SWA by sealift takes 27 days with a fleet of 12 LMSRs. To close 
these two divisions in the same time period with WIGs requires a 
fleet of 16 of the 5000-ton design or 52 of the 3000-ton design. 

The 24-knot cruise speed capability of LMSRs precludes them 
from delivering the two divisions from CONUS to SWA in less than 27 
days, regardless of their fleet size. With block speeds of 400 or 
308 knots for the respective designs, WIGs can deliver the two 
division in considerably less time than 27 days by increasing the 
fleet size. Fleets of 20 5000-ton or 74 3000-ton WIGs close the 
two divisions in 21.5 days. To close the two divisions within 18 
days (by the hypothesized start of hostilities in SWA), requires 
fleets of 25 5000-ton or 90 3000-ton WIGs. 

The use of WIGs and existing airlift to support strategic 
deployment requirements are similar. When conflict scenarios 
demand the delivery of certain types of forces within time periods 
that cannot be satisfied by sealift, then airlift and WIGs are the 
answer. Once the sea lines of communications are established, then 
the use of WIGs and airlift are only economically justified for 
critical support roles. 

When moving units or forces from their beddown locations to 
ports of embarkation, both WIGs and sealift suffer the same 
flexibility limits because they are constrained to water-based 
loading/unloading operations. Both must depend on the unit or 
force to transit from its beddown location to a port of 
embarkation, which adds substantially to the closure time. In 
contrast, airlift has greater flexibility because its 
loading/unloading operations are performed close to the unit's 
beddown location. 

The projected unit flyaway cost per ton of cargo for the 5000- 
ton WIG of $1.6 million/ton is nearly identical to that for a C-5 
but is considerably higher than the $0,006 million/ton for new 
LMSRs. For the 3000-ton WIG, the corresponding value is $2.57 
million per ton. 
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There are a number of potential commercial applications for a 
WIG concept but it probably needs to be much smaller than the two 
point designs addressed in this study. 

6.2  RECOMMENDATIONS 

More in-depth analyses are needed on the WIG designs to 
provide many of the missing operational features and to improve the 
weight and material estimates that are vital to the cost 
projections. For example, means for loading and unloading the 
3000-ton design have not been addressed. 

An operational concept document is needed that addresses all 
aspects of WIG utilization in wartime and peacetime conditions. 

Detailed analyses are recommended that investigate a variety 
of airlift, military combat and non-combat, and commercial 
missions/applications to develop design requirements for an 
economically feasible WIG concept. 
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APPENDIX A:  UNIT EQUIPMENT LIST 

HEAVY MECHANIZED DIVISION VEHICLE TYPES 

EMPTY  LOADED 
UN WEICHT HEIGHT L N H 

VEH  i A21633 3110  3110 40* 74 106 
VEH 2 A26271 2120 2120 147 73 69 
VEH 3 ClOISi 17IC4 29«<4 232 100 100 
VEH 4 CTC335 40037 40537 25* 117 104 
VEH  3D02454X40931 20660 2OCS0 315 99 (6 
VEH < D10741 20131 20731 192 106 (4 
VEH T D11049 170C0 290CO 223 104 77 
VEH  I 01153« 22415 25415 192 100 104 
VEH 9J(17S0C7«33S 40037 40037 251 117 104 
VEH 10 07(325 26300 2C300 4S5 96 105 
VEH 11 E02I07 2445 7445 1«9 94 41 
VEH 12 E324« 1270 1270 117 62 49 
VEH 13 ESCS7I 1090(0100010 2(9 144 121 
VEH 14 ES«I9< 22310 22310 1(9 100 104 
VEH IS E7033I 910  910 107 «1 51 
VEH It »9172 21200 21200 211 101 105 
VEH 17 F43077 13411 13411 204 102 90 
VEH 1« 034(05 2010 2010 92 95 51 
VEH 19 C34(1S 3700 3700 126 9« 52 
VEH 20 GS3(71 5710 5710 1«5 93 95 
VEH 21 H01ISS 16010 1C0I0 371 9« 132 
VEH 22 H01tS7 14020 14020 396 9« 132 
VEH 23 H2IC47 11311 11311 573 109 103 
VEH 24 J35492 5310 5310 170 97 (0 
VEH 25 J35«29 75«0 7S«0 170 97 (( 
VEH 2« J35«*0 7721 7721 171 97 95 
VEH 27 J3«3(3 «400  «400 171 97 (3 
VEH 21 J40C9I 2230 2230 105 57 55 
VEH 29 J414S2 4500 4500 166 (3 79 
VEH 30 341*19 2710 2710 :147 74 69 
VEH 31 J42100 4500 4500 175 (5 65 
VEH 32 J4C3I4 2100 2100 147 74 5( 
VEH 33 J474«0 3790 3790 176 •4 65 
VEH 34 J47C17 2140 2(40 147 74 59 
VEH 33 J490S3 (25  (25 49 40 39 
VEH 3« J9CC94 24700 2S200 190 100 106 
VEH 37 «4931 «00  «00 (1 40 31 
VEH 3t K3094I 70*5 70(5 497 103 104 
VEH 39 K31042 1«32 1C32 212 7* (6 
VEH 40 X31795 4992 5392 497 103 104 
VEH 41 K32293 12200 13C00 496 117 105 
VEH 42 K57667 4(919 50419 355 125 no 
VEH 43 L44I94 43941 43941 275 117 104 
VEH 44 L76556 31090 31090 297 106 91 
VEH 4S L05213 5300 5300 175 9( (0 
VEH 4« F11ICS (910 (910 214 97 76 
VEH 47 P27M9J363U «400 «400 171 97 (3 
VEH 4t P27I19YA004S «500 «500 171 94 (3 
VEH 49 P27M3J35629 7540 7540 no 97 (4 
VEH 50 r27l23YA00C2 1031 «031 172 96 (9 
VEH 51 M4C27 3000 3000 90 50 60 
VEH 52 P970S1 1(25 1(25 11 54 51 
VEH 53 013C33 22000 22000 269 100 130 
VEH 54 015414 5790 5790 193 95 91 
VEH 55 Q1C046W9S537 2110 2110 147 79 75 
VEH 5« OK04CX39940 10090 10090 2(4 (6 102 
VEH 57 RU154 5100 5100 431 104 44 
VEH 5« K39M3H95400 1010 1010 109 62 44 
VEH 59 R39((3X«0*33 3450 3450 132 64 71 
VEH «0 »40073 1*120 1*120 236 107 77 
VEH «1 RS0S44 49320 51320 254 124 115 
VEH «2 R306»l 107(40109(40 323 144 124 
VEH «3 R92996J462S2 2100 2100 147 77 77 
VEH «4 R92996T59414 9350 9350 221 (7 105 
VEH «5 S70027 14750 59750 3S( 9« 95 
VEH «« 170243 17500 41500 597 97 72 
VEH «7 S70S17 1C2(S CC2(S 41« 115 72 
VEH «t 570594 1C91* 9C91* 510 9« 70 
VEH «9 S70««l 31C79 31C79 515 120 10( 
VEH 70 S72913 14250 14250 376 96 107 
VEH 71 S74I32 165(0 1(510 31« 95 132 
VEH 72 S75031 71*0 191(0 276 96 129 
VEH 73 S7S175 15110 39110 346 91 142 
VEH 74 T00474 S3S0 1360 16« (5 96 
VEH 75 105021 5220  «720 192 (6 75 

DESCRIPTION MODEL 

AERIAL SCOOT HLCPTR OH-51 
AIR COHBITR TLR MTD 20«V1 
CARRIER CARGO: F/TRAC H1C15 
CAVALRY FIGHTING VEH to 
TRIC CGO ST M54A2 
CARRIER 107HM MORT M106A 
CARRIER CARGO FTRAC MS 4 (A 
CARRIER COMD P FTRAC M577A 
INFANTRY/CAV FIGHTING VEH M2/M3 
DATA PROCESSING SYS AN/MY 
CHASSIS TLR GEN M200A 
CLEANER STM PRES JET 125 P 
CBT ENG VEH FTRAC M72S 
COMBAT VEH IMP TOW H901A 
COMP RCP AIR TLR MTD BM452 
CRANE WHEEL MTD 3 TON M63 
CRANE NHL 7T W/BOOM 155-1 
DOLLY SET LIFT M720 
DOLLY SET LIFT M(32 
GEN SET TLR MTD PU-76 
ELCT SHOP STLRMTD L/P AN/AS 
ELCT SHOP STLR MTD AN/AS 
HELICOPTER ATTACK AH-64 
GEN SET DED TLR MTD PU-40 
GEN SET DED TLR MTD PU-65 
CEN SET DED TLR MTD PU-70 
CEN SET DED TLR MTD PU-40 
CEN ST GAS ENC 21V D 
GEN SET CEO TLR MTD PU304 
CEN SET CED TLR MTD PU-37 
GEN SET CEO TLR MTD PU-61 
CEN SET GEO TLR MTD PU-61 
CEN SET GED TLR MTD PU-61 
CEN SET CED TLR MTD PU-62 
GEN SET 7.5 EN WHLKTD POLMC 
GUM ARTILLERY SP 20MM' Ml 63 
HEATER DUCT WHL MTD 8T400 
HELICOPTER UTILITY EH-1H 
HELICOPTER OSSN OH-5( 
HELICOPTER UTILITY UH-1H 
HELICOPTER UTILITY UH-60 
HOWITZER MED SP 155MM M109A 
LAUNCHER ROCKET MLRS 
LOADER SCOOP TYPE WHL 9508 
LUB SVC UNIT TLR MTD 90176 
PNEU TLtCONP TLR MTD 250 C 
GEN SET DED TLR MTD PU-406 
POWER PLANT TLR MTD PU-406 
GEN SET DED TLR MTD PU-650 
POWER PLANT TLR MTD PU-630 
POWER UNIT HCPTP MSVC MEP-3 
PUMP FLMB LIO WHLMTD GR04A 
RADAR ANT DR TRK MTD VADS 
RADAR SET TLR MTD L/P AN/MP 
TLR CCO 3/4 TON H101A1 
TRK CCO 1-1/4 TON M561 
RAMP LOAD VEHICLE MDS16 
TLR CCO 1/4 TON M416 
TRK UTILITY 1/4 TON M151A1 
RECEIVING SET AH/ML 
RECOVERY VEH FTRAC M57« 
RECOVERY VEH rTRAC M((A1 
GEN SET CED TLRMTD 
TRK CCO 5/4 T 4X4 M102> 
STLR FLATBED 22 1/2 T M(71 
STLR LOW BED WKR 12 T M270A 
STLR LOW BED 15-25 T M172A 
STLR LOW BED 40 TON M(70 
STLR LOW BED 60 TON M747 
STLR TANK FSVC 5000 G M131A 
STLR VAN RPR PT STOR M750 
STLR VAN SHOP 6 TON M146 
STLR VAN SUPPLY 12TON M129A 
SHELTER SYS TLR MTD M51 
TRUCK UTIL 3/4 4X4 M1009 
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APPENDIX A CONTINUED 

VEH 7« «0131 
VEH 77 T1027S 
VEH  71 T131S2 
VEH 79 T131«l 
VEH 10 130377 
VEH II  T39SI« 
VEH 12  T39654 
VEH 13 T4S4(5 
VEH 14 TS349I 
VEH 15  TSI1C1 
VEH I« T59346 
VEH (7 TS94I2 
VEH it «1035 
VEH I» TC3093 
VEH 90 H00221 
VEH 91 W5I4K 
VEH 92 W7C116 
VEH 93 »91074 
VEH 94 H9399S 
VEH 95 H94030 
VEH 9« W95263 
VEH 97 W9S400 
VEH 91 «95537 
VEH 99 W95IU 
VEH100 H96942 
VEH101  W91I2S 
VEH102 X23227 
VEH103 X23277 
VEH104 X3I592 
VEH105 X3I961 
VEH106 X39432 
VEH107 X39441 
VEH10I X39447 
VEH109 X39450 
VEH110 X394S3 
VEH111 X39440 
VEH112 X40009 
VEI113 X40077 
VER114 X4014C 
VEH115 X402I3 
VEH11« X40794 
VEH117 X40I31 
VEHllt X409«l 
VEH119 X4110S 
VEH120 X41242 
VEH121  X4370I 
VEH122 X4314S 
VEH123 X41914 
VEH124 X490S1 
VEH12S X51SIS 
VEH12C X57271 
VEH127 XS9326 
VEH12t X594C3 
VEH129 X59600 
VEH130 X(0(9( 
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SHOP EOP CON/MAINT SECM- 
SHOP EOP ELEC REPAIR SER-1 
SHOP EQUIP ORG TRKMTD SEORL 
TANK COMBAT F TRACK M1A1 
TOOL OUTFIT TLR MTO ADC 1 
TRUCK CARGO TACT MLRS    H98S 
TRUCK CARGO MLRS 8X8 «985 
TRAILER FLATBED 11 T H9I9 
TRK MAIHT TEL 1-1/4T M888 
TRUCK TANK FUEL 8X8 M97S 
TRUCK CARGO 5/4 4X4 H1008 
TRUCK CARGO S/4T 4X4 H100S 
TRUCK TRACTOR 1X6 (1911 
TRUCK WRECKER 1X8 M984 
TEST STAND HTD NHLMTD P/N A 
TOOL OUTFIT TlRJtTD(A) PIONE 
TRACTOR FTRAC LS DED HO-16 
TRACTOR HHL IND CCE JD-41 
TRAILER ACFT MAIHT AIRMO 
TRAILER AMMO 1-1/2TON M332 
TRAILER CABLE REEL M310 
TRAILER CARGO 1/4 TON M416A 
TRAILER CARGO 3/4 TON M101A 
TRAILER CARGO 1-1/2 T M105A 
TRAILER F/BEO TILT 16 TO 
TRAILER TANK HATER M149A 
TRANSPORTER AIRMOBILE 74000 
TRANSPORTER BRDG FLTG BRIDG 
TRK AMB 1-1/4 TON 4X4 M886 
TRUCK AMB 1-1/4 TON M792 
TRK CGO 1-1/4 TON 4X4 M880 
TRK CGO 1-1/4 TON 4X4 M8I5 
TRK CCO 1-1/4 TON 4X4 M882 
TRK CGO 1-1/4 TON 4X4 MII3 
TRK CGO 1-1/4 TON 4X4 M8S4 
TRUCK CARGO 1-1/4 TON MS61 
TRUCK CARGO 2-1/2 TON H35A2 
TRK CCO D/S 2-1/2 TON M35A2 
TRUCK CARGO 2-1/2 TON M35A2 
TRK CGO 2-1/2T XLMB M3CA2 
TRK CGO O/S 5 TON M923A 
TRK CGO 5 TON 1MB M924A 
TRK CCO 5 TON LNB H926A 
TRK CGO 5 TON XLHB M927A 
TRK CGO 5 TON XLHB M928A 
TRUCK DUMP 5 TON M929A 
TRUCK DUMP 5 TON M930A 
TRK LIFT FRK RT 3 T MLT6C 
TRK LIFT FRK RT 5 T RTL-1 
TRK LIFT FRK GED 2 T C500Y 
TRUCK TANK FS 2-1/2 T M49A2 
TRUCK TRACTOR 5 TON M931A 
TRUCK TRACTOR 5 TON M932A 
TRUCK TRACTOR 10 TON MJ23 
TRUCK TRACTOR HKR 5 T MS 19 
TRUCK 1/4 TON HMMUV M1038 
TRUCK VAN EXP 5 T (A) M934A 
TRUCK VAN EXP 5 T (A) M935A 
TRUCK VAN SHOP 2-1/2T M109A 
TRUCK VAN SHOP 2-1/2T M109A 
TRUCK WRECKER 5 TON H936A 
TLR CCO 1-1/2 T M105A2 
TRK VAN HTR PRFCN 2-1/2T 
MELDING SHOP TLR MTD NONE 
TRK CAR 5/4 TON XM102 
STLR LOH BED 40 TON MI70 

72 

-,..,:. riHiv.s document. 



APPENDIX B:  TAC THUNDER MODEL DESCRIPTION 

One of the most comprehensive and detailed campaign-level 
simulations available in the public domain today is Tac Thunder. 
This theater-level model has been developed by the Air Force 
Studies and Analysis, and is used extensively by DOD, industry, and 
foreign governments. Tac Thunder has a balance of detail and 
aggregation that allows the analyst to select the amount of 
fidelity desired for a particular study. 

Tac Thunder is a two-sided, theater-level digital computer 
model designed to simulate conventional • warfare. The model 
considers interactions of the air-land battle as well as highly 
detailed logistics and supply functions as shown in Figure B-l. 

The air war models the mission planning sequence for explicit 
air missions and their execution. Intelligence is gathered and 
target lists are produced. Aircraft are allocated based on current 
resources, target priorities, and air allocation orders reflecting 
the theater commander's guidance. The aircraft allocation process 
assigns aircraft to targets and generates air tasking orders. A 
variety of air missions are tasked and flown. Figure B-2 is a 
graphical representation of air missions modeled in Tac Thunder. 
Air mission operations include taxi, takeoff and landing delays, 
servicing (refueling, rearming and multi-level maintenance), 
airbase damage/status (runways, POL(petroleum, oil, and 
lubricants), munitions, shelters, maintenance, and weather). These 
conditions dynamically interact with theater force operations to 
capture effects of the changing battlefield environment. 

Ground combat simulation is based on the Army's Combat 
Effectiveness Model (CEM). The battlefield is composed of combat 
sectors to which the theater commander deploys combat units. Unit 
resolution is analyst-specified, typically at the brigade and 
division level. Battlefield description includes terrain, 
mobility, and road/rail/sea route information. Ground combat units 
are made up of user-defined equipment such as tanks, infantry 
fighting vehicles (IFV), artillery pieces, attack helicopters, 
multiple-launch rocket systems (MLRS), etc.. Ground forces are 
engaged in both ground-to-ground and air-to-ground attacks. 
Attrition is calculated using the Attrition Calibration (ATCAL) 
modei developed by the U.S. Army Concepts Analysis Agency (CAA). 
Movement of the Forward Line of Troops (FLOT) is based on combat 
operations, logistics, and communications. 

Requirements are generated for resupply of equipment, 
ammunition, POL, dry bulk, and water. Critical resources, such as 
Laser Guided Munitions or M1A1 tanks, may be discretely modeled and 
tracked during the simulation. Supply depots and supply convoys 
are targets for attack. Road, rail, and sea transportation 
networks, as well as transshipping centers, are modeled and 
vulnerable to attack. The movement of units and supplies is 
limited by the condition of the transportation system and available 
transport assets. Constrained availability and issue capacities 
are considered, and unit performance is degraded by lack of 
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supplies. This level of detail allows for study of logistical 
problems such as combat unit deployment and sustainability in the 
dynamics of a theater-level conflict. 
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APPENDIX C:  LOCKHEED LIFE CYCLE COST MODEL DESCRIPTION 

Total acquisition costs, both Engineering and Manufacturing 
Development (EMD) and procurement, were estimated for the two WIG 
design concepts using Lockheed's Life Cycle Cost Model (LLCCM). 
Figure C.l depicts the subroutine areas in the LLCCM and shows how 
they interact to estimate total life cycle cost which includes 
Operating and Support (O&S) costs. This model is based on a series 
of parametric regression equations called Cost Estimating 
Relationships (CERs) developed by Lockheed using historical data 
from numerous in-house aircraft programs. The CERs are driven by 
independent variables describing such things as the vehicle's 
weight, speed, thrust, complexity, and state-of-the-art. For major 
cost items like avionics equipment and engines, supplier's data are 
usually input directly. 

A primary cost driver in LLCCM, as in many costing models, is 
the weight of the system. It has been shown many times that the 
cost of an air vehicle is directly proportional to its weight. The 
majority of the CERs used in the LLCCM model have weights as their 
primary independent variables. A material mix factor is used in 
the LLCCM to adjust manufacturing labor and material dollars to 
account for new materials and processes being incorporated into 
future designs. 

An important aspect of the CER equations used in the LLCCM to 
estimate EMD is the use of state-of-the-art (SOA) and complexity 
factors. These factors describe the level of effort and/or 
familiarity a company should encounter in designing a new vehicle 
relative to previous aircraft and/or company experience. SOA is an 
interpretive factor which ranges in value of one to three. A value 
of one is for a level of technology that has been performed many 
times before by the industry. A normal new program with moderate 
technology advancement has a SOA value of two. An SOA of three 
represents a program with maximum innovation, but without a 
breakthrough in technology. 

Complexity factor values are unique to each configuration and 
are not lowered because of a prior model version.  These factors, 
derived from the database aircraft, are used to introduce cost 
variances in the historical costs that are not accounted for by 
other variables such as SOA. 

Detailed O&S cost data are provided in Figures C-2 and C-3 for 
the 3000 and 5000 ton WIGs, respectively. Cost values are listed 
for each of the eight major contributing areas for O&S cost. The 
three sets of cost values listed are for: 20 years of operation of 
the full fleet, annual squadron operation, and 20 years of 
operation of a single vehicle. 
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O&S Cost Summary 
1994 $M 

UNIT MISSION PERSONNEL 
Aircrew 
Aircraft Maintenance 
Other 

Unit Staff 
Security 
Other 

UNIT LEVEL CONSUMPTION 
Aviation Fuel 
Aircraft Mainl Material 
Training Ordnance 

DEPOT LEVEL MAINTENANCE 

SUSTAINING INVESTMENT 
Reparable Spares 
Support Equipment 
Modification Kits 
Other Recurring Investment 

INSTALLATION SPT. PERSONNEL PAY 
Base Ops/Comm SpL (BOS) 
Real Property Maintenance 
Medical 

INDIRECT PERSONNEL SUPPORT 
Misc. O&M Support 
Medical Non-Pay Support 
Permanent Change of Station 

DEPOT-NON MAINTENANCE 
General Depot Support 
Second Destination Trans. 

PERSONNEL ACQUISITION & TRAINING 
Acquisition (Incl. Basic Tng.) 
Individual Training 

Pilot Training 
Non Pilot Aircrew 

Navigator Tng. 
Enlisted Tng. 

Specialty Training 
Officer 
Enlisted 

GRAND TOTAL 

FORCE ANNUAL 
20-YR O&S SQUADRON 

($M) O&S ($M) 

$20,019.3 $189.37 
$1,839.8 $17.40 

$16,713.1 $158.10 
$1,466.4 $13.87 

$314.6 $2.98 
$116.1 $1.10 

$1,035.6 $9.80 

$10,265.0 $97.10 
$9,088.1 $85.97 
$1,176.9 $11.13 

$0.0 $0.00 

$5,560.7 $52.60 

$5,866.0 $55.49 
$2,714.3 $25.68 

$277.6 $2.63 
$2,874.1 $27.19 

$0.0 $0.00 

$2,951.3 $27.92 
$2,414.4 $22.84 

$208.4 $1.97 
$328.5 $3.11 

$6,430.5 $60.83 
$5,157.0 $48.78 

$281.7 $2.67 
$991.7 $9.38 

$0.0 $0.00 
$0.0 $0.00 
$0.0 $0.00 

$2,139.6 $20.24 
$774.7 $7.33 

$1,364.8 $12.91 
$422.7 $4.00 

$80.8 $0.76 
$17.2 $0.16 
$63.6 $0.60 

$861.3 $8.15 
$25.4 $0.24 

$835.9 $7.91 

UNIT 
20-YR O&S 

($M) 

$53,232.3 $503.55 

$270,530 
$24,862 

$225,852 
$19,816 
$4,252 
$1,569 

$13,995 

$138,716 
$122,812 

$15,904 
$0,000 

$75,145 

$79,270 
$36,680 

$3,751 
$38,839 

$0,000 

$39,882 
$32,627 

$2,816 
$4,440 

$86,898 
$69,689 

$3,807 
$13,401 

$0,000 
$0,000 
$0,000 

$28,913 
$10,469 
$18,444 

$5,713 
$1,092 
$0,233 
$0,859 

$11,639 
$0,343 

$11,295 

$719,355 

Figure C-2.     O&S  Cost Breakdown for 3000-ton WIG 
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O&S Cost Summary 20-YR O&S   SQUADRON 20-YR O&S 
1994 $M 

UNIT MISSION PERSONNEL $8,841.6 $221.04 $442 081 
Aircrew $495.9 $12.40 $24,795 
Aircraft Maintenance $7,587.6 $189.69 $379,381 
0tr,er $758.1 $18.95 $37^906 

Unit Staff $142.2 $3.56 $7,112 
Security $53.3 $1.33 $2,663 
Other $562.6 $14.07 $28,131 

UNIT LEVEL CONSUMPTION $2,919.2 $72.98 $145 960 
Aviation Fuel $2,442.1 $61.05 $122,104 
Aircraft Maint Material $477.1 $11.93 $23,856 
Training Ordnance $0.0 $0.00 $0,000 

DEPOT LEVEL MAINTENANCE $2,254.4 $56.36 $112,718 

SUSTAINING INVESTMENT $2,461.1 $61.53 $123,054 
Reparable Spares $1,100.4 $27.51 $55,020 
Support Equipment $112.5 $2.81 $5,626 
Modification Kits $1,248.2 $31.20 $62,408 
Other Recurring Investment $0.0 $0.00 $0,000 

INSTALLATION SPT. PERSONNEL PAY $1,312.0 $32.80 $65 602 
Base Ops/Comm SpL (BOS) $1,072.2 $26.81 $53,611 
Real Property Maintenance $94.0 $2.35                                  $4 7^^ 
Medical $145.8 $3^64                                       $7!^B 

INDIRECT PERSONNEL SUPPORT $2,859.9 $71.50 $142,996 
Misc. O&M Support $2,294.0 $57.35 $114,698 
Medical Non-Pay Support $125.8 $3.14                                   $6,290 
Permanent Change of Station $440.2 $11.00 $22,008 

DEPOT-NON MAINTENANCE $0.0 $0.00                                   $0,000 
General Depot Support $0.0 $0.00                                $0^000 
Second Destination Trans. $0.0 $0.00                                  $0,000 

PERSONNEL ACQUISITION & TRAINING $869.7 $21.74 $43,486 
Acquisition (Incl. Basic Tng.) $339.9 $8.50 $16!996 
Individual Training $529.8 $13.25 $26,490 

Pilot Training $114.3 $2.86                                   $5,713 
Non Pilot Aircrew $21.8 $0.55                                   $1,092 

Navigator Tng. $4.7 $0.12                                   $0,233 
Enlisted Tng. $17.2 $0.43                                  $0,859 

Specialty Training $393.7 $9.84           . $19,685 
Officer $11.5 $0.29                *                  $0,576 
Enlisted $382.2    ' $9.55 $19,110 

FORCE ANNUAL 
20-YR O&S SQUADRON 

($M) O&S ($M) 

$8,841.6 $221.04 
$495.9 $12.40 

$7,587.6 $189.69 
$758.1 $18.95 
$142.2 $3.56 
$53.3 $1.33 

$562.6 $14.07 

$2,919.2 $72.98 
$2,442.1 $61.05 

$477.1 $11.93 
$0.0 $0.00 

$2,254.4 $56.36 

$2,461.1 $61.53 
$1,100.4 $27.51 

$112.5 $2.81 
$1,248.2 $31.20 

$0.0 $0.00 

$1,312.0 $32.80 
$1,072.2 $26.81 

$94.0 $2.35 
$145.8 $3.64 

$2,859.9 $71.50 
$2,294.0 $57.35 

$125.8 $3.14 
$440.2 $11.00 

$0.0 $0.00 
$0.0 $0.00 
$0.0 $0.00 

$869.7 $21.74 
$339.9 $8.50 
$529.8 $13.25 
$114.3 $2.86 
$21.8 $0.55 
$4.7 $0.12 

$17.2 $0.43 
$393.7 $9.84 

$11.5 $0.29 
$382.2 $9.55 

GRAND TOTAL $21,517.9 $537.95 

i i 
Figure C-3.     O&S  Cost Breakdown for 5000-ton WIG 
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WING-IN-GROUND (WIG) 

EFFECT VEHICLE MISSION ANALYSIS: 

METRIC COMBAT SIMULATIONS 

A. ANALYTICAL OBJECTIVES 

In assessing potential military applications for Wing-in-Ground (WIG) effect vehicles, it is 
important to expand the analysis beyond technical feasibility assessments. It is essential to also 
measure the impact mission-capable WIGs could have on combat outcomes. The emphasis of this 
analysis is to provide preliminary answers to some of the "so what" questions surrounding WIG 
performance; i.e., what return on investment in terms of improved U.S. combat capabilities may be 
realized by developing and employing WIGs. Consequently, BDM has incorporated several potential 
WIGcombatmissions into the simulation of a broader Southwest Asia (SWA) scenario involving U.S. 
early entry forces. A base case scenario (non-WIG) is compared with three excursions in which WIG 
technology is simulated to perform various combat and lift missions. The simulation results support 
assessments of the impact that WIG technology could have on disrupting threat offensive operations 
and preserving U.S. forces in a single scenario, as well as inferences about other possible military 
roles. 

This analysis is intended to provide a basis for continuing assessments of potentially valuable 
military missions for WIG technology. The analysis is not comprehensive with respect to all potential 
missions, but it does provide insights into the operational significance of several WIG combat and lift 
roles. While the selected missions emphasize the speed, range, endurance, and capacity of WIG 
applications, further study will be needed to determine whether other existing or projected combat 
systems would be capable of performing the same missions more effectively and/or at lower cost. In 
addition, the application of WIG technology in other theater scenarios and combat intensities is vital 
before final conclusions can be drawn concerning the potential operational utility of WIG craft. 

B. THE METRIC MODEL 

The METRIC simulation was chosen to conduct WIG operational analysis. METRIC is a key 
component of the FOCUS family of tools which support a wide range of operational analyses at 
varyinglevelsofresolution(seeF^ttrei).FOCUSincludesworldwideorderofbattleandequipment 
data bases; simulation models for mobilization, transportation, and combat analysis; a geographic 
information system (GIS); and graphics workstations. 

The METRIC model is an advanced joint warfare simulation which incorporates a robust 
representation of command, control, communications, computers and intelligence (C4I) architectures 
to support analysis of "force multiplier" technologies and employment concepts. As depicted in 
Figure 2, METRIC is used to model joint warfare, including combat and non-combat missions (such 
as logistics). METRICS modules include artificial intelligence (AI) routines to automatically provide 
dynamic battle management within the simulation, or the model can be run with humans-in-the-loop 
(see Figure 3). In support of the WIG analysis, most U.S. and threat tactical operations were run under 
computer control. WIG employment concepts were input by players and executed by existing AI 
routines based on perceptions of tactical situations. 
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Outputs from METRIC include combat results by side, by unit, and by system (both as shooter and 
as target); communications statistics by radio, by network, and by sender or receiver; intelligence 
reports by side, by unit, and by sensor; map overlays depicting the progress of combat in either real- 
time or replay mode; and a variety of other statistics and reports describing system performance and 
engagement results. Several of these report types are used to support this analysis. 

C.       SCENARIO OVERVIEW 

To support the goal of focusing on modeling and analysis rather than scenario development, an 
existing scenario from another recent ARPA study was chosen for the WIG analysis. In this scenario, 
a light U.S. early entry force on the ground near Al Jubayl, Saudi Arabia conducts joint operations with 
U.S. air and naval forces against a mechanized Iraqi incursion into Saudi Arabia. The breakthrough 
force employs two avenues of advance, one along the coast and the other approximately 100 
kilometers inland, in a north-south movement. The Iraqi objective is to overrun the U.S. positions and 
capture the reinforcement and staging areas at Al Jubayl and Dhahran. The scenario involves attacks 
by Iraqi forces on U.S., coalition and indigenous Saudi units both along the Saudi Arabian Persian Gulf 
coastline and inland against King Khalid Military City (see Figure 4). This analysis focuses on a pre- 
supposed, corps-sized Iraqi breakthrough force advancing through Kuwait and into Saudi Arabia. 
Other threat and friendly activities unrelated to the breakthrough are not depicted (although some 
diversion of total available assets is assumed). 
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Figure 4. Scenario Overview. 

The defending U.S. force consists primarily of two battalions of the 82nd Airborne Division 
supported by other elements of the XVffl Airborne Corps; elements of a Marine Expeditionary 
Brigade (MEB), including an armored battalion and a mechanized company; a carrier battle group 
(CVBG) in the Persian Gulf; and Air Force units based at Riyadh and Dhahran. The primary lethal 
assets of the light U.S. ground forces are 18 AH-64D Apache/Longbow helicopters, 18 AH-1 Cobra 
helicopters, and 9 multiple launch rocket systems (MLRS) using ATACMs Block I and H rounds. 
Fixed wing aircraft devoted to stopping the breakthrough include 48 F-15Es, 10 A-6s, and 24 F/A- 
18s Air launched standoff munitions include Tri-Service Stand-Off Attack Missile (TSSAM), Joint 
Stand-Off Weapon (JSOW), High-Speed Anti-Radiation Missile Block IV (HARM IV), Stand-Off 
Land Attack Missile (SLAM) and Hellfire/Longbow. Riyadh and Dhahran are defended by Patriot 
and theater high-altitude air defense (THAAD) anti-missile systems, as well as point air defense 
assets. U.S. reconnaissance, surveillance and target acquisition (RSTA) architecture mcludes 
AW ACS, JSTARS, U2-R with ASARS, Rivet Joint, and overhead satellites. 



The threat forces advancing along the coast consist of one heavy (double-size) armored division 
equipped with T-72 main battle tanks and a variety of maneuver and support assets. Advancing 
approximately 100 kms inland, is a second similarly equipped force consisting of an armored and a 
mechanized division. These ground forces are supported by 1,000 kilometer ballistic missiles fired 
from fixed sites in southern Iraq and mobile SCUD launchers; 45 MiG-29 Fulcrum air defense aircraft; 
45 SU-22 Fitter ground attack aircraft; 40 Mi-25 Hind-D ground attack helicopters; and long-range, 
heavy artillery. The Hinds are forward-deployed to a Forward Area Rearmament and Refueling Point 
(FARP) outside the range of U.S. MLRS/ATACMs; likewise, the ballistic missile launchers cannot 
be reached by any ground systems. Threat air defense systems include SA-10s, SA-15s, and various 
hand-held SAMs and air defense artillery. The threat RSTA architecture includes a Mainstay-type 
AWACs, Gazelle reconnaissance helicopters, and tactical assets. This order of battle was deliberately 
modernized to present the U.S. force with a robust threat of the type anticipated in many Third World 
countries after the turn of the century. 

Deployment of major ground units is depicted on Figure 5. As the threat units begin to advance 
southward toward the U.S. ground positions, U.S. fixed wing aircraft begin interdiction strikes 
(although they are hampered by a low cloud ceiling and the limited number of ground attack aircraft 
available). The U.S. force supplements fixed wing operations with attack helicopters, and ATACMs 
as the threat units move within range. Meanwhile, Iraq targets U.S. air bases in Saudi Arabia and 
ground forces with combinations of fixed wing aircraft and ballistic missile attacks. Early on Day 1, 
Hinds also begin ground attack missions, principally against MLRS units and the helicopter base near 
Al Jubayl. The U.S. responds to the threat helicopter attacks with Apache strikes, but not until the night 
of Day 1/Day 2 when the mission can be accomplished under cover of darkness. Throughout Days 
2 and 3, the air war continues with targeting priorities modified by each sides' situation awareness of 
battlefield conditions. Threat ground units continue to advance toward contact with the defending 

U.S. force by late in Day 3. 

D.       DESCRIPTION OF SIMULATED WIG MISSIONS 

1.        Summary 

As a result of the initial threat advantage in combat power, the U.S. strategy is to employ long-range 
systems to interdict ground forces and neutralize the significantenemy direct fireadvantage. Consequently, 
one of the best potential combat applications identified for WIGs was interdiction of threat forces beyond 
the effective range of U.S. attack helicopters and ATACMs. Other opportunities were identified, as well, 
for the use of WIGs in the northern Persian Gulf against targets requiring extreme forward deployments. 

After evaluating a broad range of possible WIG combat missions, four combat applications were 
selected for analysis in the excursion case: air defense, navalized variants of ATACMS (henceforth 
NTACMs), theater missile defense (TMD), and sea-landed cruise missiles (SLCMs). The four 
applications were designed such that the WIG's range, mobility, and endurance would be important 
factors to successful accomplishment of the missions. A total of six combat WIGs were deployed to 
the Persian Gulf. Five WIGs were equipped with vertical launch systems (VLS) capable of 
accommodating any of the missiles associated with the chosen missions. Throughout the scenario, 
two WIGs were dedicated to NTACMs missions and one WIG each to the air defense, TMD and 
SLCM roles. The sixth WIG played a combat support role and was equipped with a three-dimensional, 
phased array radar to provide aircraft and missile acquisition and tracking data to the other WIGs and, 
ground stations at Riyadh and Dhahran. 
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Figure 5. Threat Operational Concepts. 



BDM also assessed the potential impact on combat outcomes of two WIG lift scenarios in which 
additional assets were made available to the U.S. ground forces. Similar to the combat mission 
selection process, a variety of lift possibilities were considered, including deployment of: a heavy 
corps; an armored cavalry regiment (ACR); and, small (below battalion-size) tailored force packages 
designed to address specific U.S. in-theater force deficiencies. As will be discussed later in this report, 
the lift modeling and analysis focused on the lower end of the spectrum of unit deployment 
possibilities. The purpose of the lift scenario analysis was to support an evaluation of the operational 
impact WIG technology could have by providing a high speed heavy lift capability to rapidly 
supplement the other forces in the scenario. 

A notional 800 ton gross take-off-weight (GTW) wingship was used for all combat missions, with 
only slight changes in configuration. A payload fraction of 0.2 (160 tons) was used for this wingship, 
and a fuel fraction of 0.36 (288 tons). The range for this WIG design has been estimated to be 2900 
nms (5370 km), with a speed of 330 knots (611 kms/hour). The WIG was configured with a VLS 
containing 48 missile cells capable of handüng any of the types of missiles required for the simulated 
combat missions (in some cases, multiple missiles can be loaded into a single cell). For two of the 
missions (NTACMs and SLCMs) the missile load was somewhat less than the theoretical capacity of 
the VLS due to WIG weight constraints. The heavy lift WIG was assumed to be a 3,000 GTW design 
with a payload fraction of 0.2 (600 tons), and at fuel fraction of 0.41 (1,230 tons). The range of this 
craft is estimated to be 4600 nautical miles, with a speed of 320 knots. 

2. Air Defense Application 

The air defense mission was performed in the northern Persian Gulf where it was feasible to 
intercept both Fulcrums and the Fitters en route to their targets from air bases in central Iraq (see 
Figure 6). The missile load for the air defense WIG was 48 standard missile-2 block IV (SM-2IV). 
Targeting information was provided by a second WIG equipped with a three dimensional, phased 
array (Aegis-type) radar (although relay of AWACS information to the air defense WIG was also 
considered). The missile load proved sufficient to keep an air defense WIG on station for 
approximately four hours during the high-intensity Day 1 conditions of this threat scenario. The WIG 
then returned to Ad Daman for resupply (3-1/2 hours to reload missiles plus approximately 1/2 hour 
transit time to and from station). Subsequent to Day 1, resupply of the air defense WIG was 
discontinued. 

3. NTACM Application 

Two wingships were employed in the NTACMs role, each equipped with 32 NTACMs (one per 
cell) as their primary missile, and 32 advanced medium-range air-to-air missiles (AMRAAMs); 
(configured for vertical launch, four per cell) for their secondary air defense mission (see Figure 7). 
Both NTACMs wingships performed two interdiction missions against threat ground units early on 
Day 1. One WIG was assigned a primary mission of destroying the threat FARP. This WIG also had 
a secondary mission to attack SCUD launchers as real-time targeting information became available 
The other WIG was dedicated against maneuver units. Subsequent sorties of both WIGS (after 
resupply) targeted threat maneuver units. The WIGs moved to approximately 50 kms off-shore for 
these missions, changing locations rapidly in between launches. NTACM Block I submunition 
warheads were used against the FARP and the SCUD launchers, while NTACM Block II was used 
against maneuver targets. 
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Figure 7. NTACMS Mission Summary. 



4.        TMD Application 

The WIG equipped to perform TMD missions operated in tandem with the forward-based radar 
WIG, much like the air defense variant (see Figure 8). The TMD WIG was equipped with 40 SM-2/low 
exoatmospheric projectile (LEAP) missiles (one per cell), and 32 AMRAAMs (four per cell) for a 
secondary self-defense/air defense mission. The radar platform WIG passed acquisition targeting 
data to both the LEAP WIG and to ground-based THAAD launchers around Riyadh and Dhahran. 

OBJECTIVES 

To assess the advantages of forward deployment of theater missile defense assets 
using a high speed, sea-based acquisition, tracking and launch platform to counter 
SSM launches. 

CONCEPT OF OPERATIONS 

• Deployment to the far northern region of the Persian Gulf to counter SSM threat 
posed by Iraqi SCUD/ MRBMs. 

• WIG will acquire/destroy airborne SSMs. 
• Acquisition and tracking data on unengaged missiles will be passed back to 

ground-based TMD. 

SYSTEM CHARACTERISTICS 

TMDWingship: 
• 40 missile launch cells loaded with 40 SM-2 / LEAP (range 167 km) 
• 8 missile launch cells loaded with 32 AMRAAM for self-defense 

FieureS. TMD Mission. 



The TMD WIG was deployed to the northern Persian Gulf, with its primary mission to intercept 
launches of the medium-range ballistic missiles (MRBMs) from Central Iraq. B oth the TMD and radar 
WIGs remained on station throughout the three days of conflict. 

5.        SLCM Application 

The SLCM WIG carried a load of 32 Tomahawk land attack missiles (TLAMs), one per cell for its 
primary mission, and 32 AMRAAMs for self protection (see Figure 9). It was deployed to the northern 
Persian Gulf to react on short warning to detections of launch preparation activities at MRBM sites. 

OBJECTIVES 

To assess potential advantages gained by using WIGs to launch sea-based cruise 
missiles. 

CONCEPT OF OPERATIONS 

• Deploy WIG to northern Persian Gulf. 
• Download satellite data on MRBM roll-out/set-up and launch cruise missile strikes. 
• Launch Tomahawks against air defense, C3 and other fixed, hardened targets in 

Baghdad, Baghdad environs, and throughout south/central Iraq. 

SYSTEM CHARACTERISTICS 

Cruise Missile Wingship:   
• 32 missile launch cells loaded with 32 Tomahawk Land-Attack Missiles (TLAM) 
• 8 missile launch cells loaded with 32 AMRAAM for self-defense 
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The cruise missile technology employed for this mission presupposed future development of 
capabilities to rapidly reprogram the missile just prior to launch, and/or update missile target data in- 
flight. A northern Gulf deployment was essential to this mission in order to minimize fly-out time to 
the target. The modeled MRBM preparation time was approximately 30-45 minutes. The cruise 
missile fly-out time to targets in southern Iraq would preclude launch from platforms in the southern 
Gulf given this short targeting window. Only one wingship was employed in this mission. 

6.        Lift Application 

The lift scenarios introduced 3,000 ton GTW WIGs as force generation assets capable of 
augmenting the base case U.S. early entry force package. Of the three lift variants considered (corps, 
ACR and small unit), the corps was ruled out because initial analysis indicated the number of WIGs 
required would be prohibitive. Additionally, time required for assembly of units in CONUS and 
debarkation to wartime positions in Saudi Arabia would probably exceed the scenario timelines. 
Examining the other two lift packages, it was decided to start analysis with the tailored, small units 
designed to fill gaps identified in U.S. combat capabilities in the base case. This analysis indicated 
requirements to enhance U.S. capabilities in three critical areas: air defense, missile defense, and long- 
range interdiction of maneuver forces. The small unit force package, therefore, included 8 Patriot 
launchers, 9 THAAD launchers, 18 MLRS launchers, 24 Marine LAVs specially configured for air 
defense (25mm guns and Pedestal Mounted Stingers), and all associated munitions reloads, logistics 
and other support assets. The results of this lift scenario were sufficiently interesting that additional 
effort was devoted to analysis, while modeling of the ACR was deferred. 

E.       COMPARISON OF BASE CASE AND WIG EXCURSION RESULTS 

This section contains results summaries of the base case scenario and WIG simulation excursions. 
The first part of the section focuses on a comparison of the base case and combat WIG campaigns, 
highlighting the collective impact of the WIGs on combat outcomes. Following this scenario 
overview are brief discussions and statistical summaries of the individual WIG missions. Finally, the 
two lift excursions are described and compared with the previous cases. 

1.        Summary of Base Case and Combat WIG Simulations 

The threat concept of operations (CONOPS) involved a combined arms corps moving south along 
two axes to overrun U.S. units and to occupy the staging areas of Al Jubayl and Dhahran. These ground 
forces were supported by air and missile strikes designed to destroy or disrupt U.S. long-range 
interdiction capabilities. Threat air and missile attacks therefore focused on U.S. fixed-wing and 
helicopter bases, and on the nine XVm Airborne corps MLRS launchers. 

The U.S. base case CONOPS centered on exploiting its range and precision targeting advantages to 
interdict enemy advances and allow time for introducing reinforcements. Initial targeting priorities 
included suppression of enemy air defenses (SEAD; especially S A-10 radars and launchers) using carrier 
aviation armed with HARM Block IV. In the first four to twelve hours of the scenario, U.S. targeting was 
then scheduled to switch to interdict threat maneuver forces. Initial fixed-wing air strikes were to be 
supplemented by helicopter and MLRS/ATACMS attacks as threat units moved into range. 

The maps on the following pages depict relative U.S. and threat unit positions and status at various 
stagesofthebasecaseandcombatWIGcampaigns. FigurelO shows each sides' status sixteen hours after 
the lead threat elements began to advance at midnight (Mowed by the main body of ground forces 





beginning at 0400). U.S. unit positions are also shown at the southern part of the map (note: 82d Airborne 
Battalion positions are indicated by headquarters units to the north and west of U.S. positions, the MEB is 
in a reserve position in the south). 

Each sides losses are depicted in two ways. Units that have suffered concentrated losses sufficient to 
render them combat ineffective are shown as small diamonds. The level of attrition necessary to cause a 
loss of unit integrity varies depending primarily on unit type, size and operation, as well as casualty rate (a 
unit can sustain greater losses without becoming ineffective if the losses occur over a longer time period). 
Omerunitlosses(imufficientto cause "unitdeam")c^ 
but the combat power bars provide an approximation of each sides' relative strength. These bars were 
derived by a METRIC post-processing routine that tabulates each sides' starting and current equipment, 
applies a weighted score to each system, and then displays a cumulative "snapshot" of each sides' combat 
potential (these post-processed scores are derived from U.S. Army and OSD qualitative measures of 
effectiveness and are not used in METRIC combat calculations). 

According to Figure 10, therefore, the U.S. has lost three units (two are colocated) by Day 1,1600, in 
the base case (two MLRS batteries, and an artillery battalion). The third MLRS battery has also been 
reduced to one effective launcher at this point, meaning that eight of the nine original MLRS have been 
eliminated. U.S. long-range firepower has thus been drastically reduced. In total, the U.S. has lost 37 
percent of its theoretical combat power (or 63 percent remaining) by this point in the scenario. 

On the threat side, the U.S. SEAD campaign has been marginally effective, with several SAM radars 
and launchers destroyed. However, only one of the three high priority SA-10 units has been reduced in 
capabmty.TWsismpartduetoU.S.clatalatencyandu 
29s performing combat air patrol (CAP) over threat forces. While U.S. air superiority aircraft are able to 
defeat opposing aircraft on a one-to-one basis, carrier-launched strike aviation are still deterred in some 
cases from reaching their primary targets. A combination of U.S. aircraft non-availability and continued 
strong threat air defenses has limited the effectiveness of U.S. interdiction attacks, initiated in the two hours 
preceding the map depiction. Threat strength is thus at 92 percent of the starting total. 

In the combat WIG excursion on Day 1,1600, the relative positions are improved for the U.S. The air 
defense, and to a lesser degree TMD, WIGs have helped both U.S. defensive and offensive capabilities. 
Defensively, higher threat aircraft losses have reduced the number of successful attacks on U.S. ground 
forces. Offensively, the degraded enemy CAP has relieved some of the pressure on U.S. air forces and 
allowed more successful strikes—particularly of the critical SEAD missions. As a result, the U.S. has 
doubled the number of effective kills of threat air defense units (from five in the base case to ten) by 
destroymgmissüeradars.TheRapMradarsitem^^ 
two SA-10 units were still missed) and two other air defense units were entirely destroyed. The reduced 
air defense environment has allowed more successful air interdiction of threat maneuver units, and these 
attacks have been augmented by the first attacks from each of the NTACMs WIGs. 

The greater success of the U.S. air defense campaign has also helped preserve more ofits ground forces, 
including all three MLRS units (although reduced to one effective launcher each). U.S. combat power has 
thus been attrited but not as significantly as in the base case. Threat losses have doubled over the base case. 
RelativestandingshavetheU.S. at 73 percent of starting effectiveness versus 85 percent for the threat force. 

Figure 11 shows relative unit positions and conditions on the second day of the engagement. In the 
basecase,meU.S.mterdctionhasbeengeneMyunsuccessfulandmethreatgroundforc^ 





in good order along both axes. Both sides have continued to exchange air attacks, but not at the high 
tempo of the first day. As a result, no additional units have been lost by either side. Equipment losses 
from the air and missile attacks have continued, however, with the U.S. reduced to 47 percent 
effectiveness and the threat to 85 percent. 

The Figure 11 maps and bars show a much more significant threat attrition in the combat WIG 
excursion. The most apparent change is along the inland advance axis where units have been strung 
out over 200 kilometers due to a combination of attrition, suppression, and loss of higher-level 
command and control. Less obvious at this level of resolution, the main bodies of troops in both axes 
have also been disrupted and lost inter-unit cohesion at regimental, brigade, and division levels. Most 
of the OPFOR maneuver units and many support elements have suffered some attrition and four 
brigades are less than 50 percent combat effective. The greater success of U.S. interdiction can be 
attributed mostly to the two NTACMs WIGs, operating off-shore contiguous to the area of OPFOR 
movement. However, the increased survivability of U.S. ground and air forces due to the air defense 
WIG interdiction of threat aircraft also contributes significantly to preserving U.S. long-range 
interdictioncapabilities.AttWspoint,mostlossesontheU.S.sidehavebeensustainedbythenorthern 

82nd Airborne element and the Marine reserve. Overall, the U.S. forces are at 66 percent strength 
while the threat has been reduced to 59 percent. 

Figure 12 shows relative unit positions at a higher map resolution on the morning of the third day 
of combat. In both the base case and excursion, artillery and direct fire contact has been initiated in 
thenorth. Inthebasecase,thethreathasoverruntheU.S. forward positions, although sustaining heavy 
losses in the process. Lead elements of two tank brigades have bypassed remaining U.S. forward 
positions and are advancing on the rear area (including the helicopter base and XVHI Airborne Corps 
headquarters). Of the defending U.S. forces, only the western 82nd elements are still viable, with little 
artillery or air support. The Marine reserve, which moved north to defend against the first threat 
attacks, has also been overrun. Meanwhile, the flanking threat force is in good order and has taken 
relatively light losses due to the concentration of U.S. fire to the north. Total U.S. strength is down 
to 34 percent, while the threat is at 72 percent, concentrated mostly in the flanking force. 

The combat WIG excursion foUows a similar sequence of events, although in this case the threat 
force has been delayedby the U.S. attacks and has onlyjustbegan its northern assault. Although badly 
attrited the U.S. MEB has moved to ablocking position in the north, while the second battalion of the 
82nd Airborne is holding its defensive position in the west. The threat has been reduced to 41 percent 
effectiveness versus 47 percent for the U.S., but it still has a greater than 3:1 direct firepower 
advantage. Without additional air and artillery support the U.S. forces are stiU in a precarious position. 

FigureU shows unitpositions near the end of the engagement. In the base case, U.S. ground force 
resistance has effectively stopped and several threat units have bypassed to the south and east of the 
U S positions. The situation is much the same in the combat WIG excursion, despite the greater 
success of earlier U.S. attacks. Even in the excursion, the preponderance of threat ground forces 
negates the offensive and defensive advantages gained from the WIGs (primarily the NTACMs and 
air defense variants), and U.S. positions are overwhelmed. Although the U.S. holds out longer in the 
excursion, the introduction of limited numbers of combat WIGs was insufficient to stop the threat 
advance. Numerous threat units were destroyed, but the remaining forces (38 percent of original 
combat power versus 71 percent in the base case) are stUl sufficient to overpower the lightly armed 
U.S. forces. U.S. strength is 39 percent in the combat WIG excursion versus 30 percent m the base 
case at the time of the figure. 







The overall campaign impact of the WIG combat missions is depicted in Figure 14 As the chart 
shows, threat losses more than double in the WIG excursion. Despite these losses, however, the threat 
force retains an overwhelming force advantage as direct fire exchanges commenced on Day 3. This 
advantage was achieved by threat abilities to neutralize key U.S. assets (primarily MLRS and aircraft) 
early in each scenario. Consequently, it appears that a potential key to increasing U.S. survivability, 
and consequently lethality, is to augment the U.S. ground force ability to defeat enemy air attacks. 
Detailed analysis of base case and excursion results supported development of the lift excursion 
(described in paragraph 6), in which relatively small numbers of highly lethal advanced systems were 
added to the U.S. ground forces. Statistics associated with specific combat WIG missions are included 
in the paragraphs below. 
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Figure 14. Combat WIG Campaign Impact 



2.        Air Defense Mission Results 

The air defense WIG deployed to the northern Per- 
sian Gulf early on Day 1. In the high-intensity early 
hours of the conflict, this WIG craft was successful in 
engaging a large number of Fulcrums attempting to push 
the threat air defense zone out into the Gulf against U.S. 
ground attack sorties. As shown in Figure 15, theair 
defense WIG was the largest contributor to Blue air 
defense during the early stages of the battle. By the end 
of Day 1, this combat WIG killed 32 Fulcrums, and 
damaged several other aircraft. After Day 1, the air 
defense WIG was not further resupplied. 
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Figure 15. Iraqi Aircraft Losses in 
Figure 16  shows relative U.S. and Iraqi aircraft Combat WIG Excursion. 

losses over time in the base case and combat WIG 
excursion scenarios. The impact of the WIGs can be seen in the numbers of aircraft losses sustained 
by both sides through 1600 Day 1. Threat losses are almost double in the combat WIG excursion 
over the base case (108 versus 58). About 60 percent of these losses are directly attributable to the 
air defense WIG, while the rest are a combination of improved U.S. aircraft effectiveness (due to the 

reduced air threat) and NTACMs strikes against the 
enemy FARP. While the total number of threat 
aircraft losses was virtually identical by the conclu- 
sion of the base case and combat WIG scenarios, those 
losses thus occurred much earlier in the excursion. As 
a result, U.S. air and ground forces survived longer— 
particularly strike aviation and MLRS—enabling them 
to inflict more attrition on threat maneuver forces (see 
Figure 17). 
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3.        NTACM Mission Results 900 

The two WIGs fitted out with NTACMs each 
performed two sorties, with standard loads of 32 
missiles. Three of these sorties targeted threat 
maneuver units, primarily armor, with NTACMs 
Block II; the other sortie targeted the Iraqi FARP 
and a SCUD battery with NTACMs Block I 
submunition warheads. All four sorties were 
completed between mid-morning and mid-after- 
noon on Day 1. 

As shown in Figure 18, Iraqi tank losses 
increased more than three-fold in the combat WIG 
excursion as compared with the base case (from 
227 to 743). Only 185 of the additional threat tank 
losses were directly from NTACMs fires. The 
higher U.S. lethality with the combat WIGs, how- 
ever, acted as a force multiplier for other systems. 
The NTACMs mission against the threat FARP, 
for instance, significantly improved U.S. abilities to interdict threat armor throughout Day 2 and Day 
3 because it preempted a second wave of Hind ground attack sorties against U.S. MLRS and artillery 
that occurred in the base case. The NTACMs strike against the FARP and SCUD battery also 
enhanced the survivability of U.S. helicopters and freed them up to attack other targets (in the base 

case, the FARP was interdicted by Apaches during 
2501 1      the night of Day 1/Day 2). 

Figure 19 shows how the NTACMs missions 
were indirectly responsible for increased tank kills 
by AH-64s, ATACMs and artillery/direct fire by 
limiting the damage caused by threat ground and air 
systems early in the combat WIG scenario. By the 
end of Day 3, however, the overall survival of U.S. 
forces remained very similar to the base case. As 
discussed earlier, at the time the forces approach 
direct contact late on Day 2, the excursion case threat 
force still retains an overwhelming advantage in 
combat power even though it is substantially weak- 
ened in comparison with the base case. For instance, 
the threat still retains 324 tanks in the end of the 
combat WIG excursion (roughly equal to the num- 
ber of tanks in aU.S. armored division). This force, 
including other unit equipment, was still far too 
strong for the lightly armed U.S. units to stand 
against in a direct fire engagement. Figure 20 
shows how total U.S. losses were virtually identical 
by the end of each scenario. 

From Blue: 

*   Used only in WIG excursion. 
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Figure 19. Threat Tank and Helo Losses. 
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4.   TMD Mission Results 

The WIG TMD mission involved one WIG 
armed with 40 SM-2/LEAP missiles on station to 
intercept MRBMs throughout the engagement. As 
Figure 21 illustrates, threat MRBMs and SCUDs 
were able to saturate the 2 THAAD launchers com- 
prising U.S. base case TMD, with 26 threat SSMs 
penetrating missile defenses. In the WIG excursion, 
the total number of successful threat missile strikes 
decreased to 8. 

The LEAP WIG succeeded in destroying three 
MRBMs during their ascent phase, and the radar 
WIG provided tracking data beyond the range of the 
THAAD radars. Despite the improved acquisition 
and tracking data provided to the terminal defenses, 
no improvement in MRBM intercepts was seen. In 
both the base and excursion cases, seven MRBMs 

were intercepted over Riyadh and Dhahran, requiring a total of fourteen THAAD missiles. In the 
excursion, only one MRBM struck a target-versus five base case MRBM strikes-because of the 
successful intercept of three missiles by the TMD WIG, and interdiction of a fourth on the ground by 
the SLCM WIG (see Figure 22). The lack of improved terminal intercepts was probably a function 
of how the hand-off of forward radar data was 
handled in the model; although saturation of the 
single THAAD launchers at Riyadh and Dhahran 
may have also affected the outcome. Additional 
analysis may be appropriate to investigate both 

Base Case Combat WIG 

Figure 20. NTACMS Impact on Final U.S. Losses. 
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these possibilities. Some saturation problems persisted in the excursion case, indicating a need for increased 

numbers of TMD launchers. 

5. SLCM Mission Results 

OnecombatWIGwasdeployedtothenorthernPersianGulflateonDay2toattemptpreemptivestrikes 

against MRBM launch areas in southern Iraq. This WIG was equipped with Tomahawk cruise missiles. 
Once on station, the SLCM WIG waited for detections of launch preparation from overhead sensors 
watching the target area. The WIG's northern deployment was intended to shorten missile fly-out time to 
target because the anticipated reaction window, from detection to MRBM launch, was approximately 30- 

45 minutes. 

Preparation activities at the MRBM site were detected at midnight on Day 2, and the SLCM launch 
crciiiTed 25 irnnutes mto Day 3. m rap 
reprogram the Tomahawk just prior to launch or in flight. Fly-out time to the target was 17 minutes and 
one launcher was destroyed several minutes before a MRBM would have been fired. The effect of this 
mission was to reduce the total MRBM firings by just one, but the mission did demonstrate the potential 
value of a shortened fly-out time that can result from the ability to rapidly move a SLCM platform into an 

extreme forward deployment. 

6. Lift WIG Excursions 

The purpose of the lift WIG excursions was to test the impact of introducing additional U.S. force 
increments into the base case scenario (i.e., without the combat WIGs). It was assumed for this initial 
analysis that large WIGs (3,000 ton GTW) would serve as the lift platforms. Analysis of other potential 
lift platforms was not conducted (in keeping with the initial task to assess potential WIG military missions, 
with trade-offs analysis of competing systems to follow). 

Threat objectives and CONOPS were not changed from the base case to the lift WIG excursions. The 
only new elements were the improved U.S. offensive and defensive capabilities represented by the 
additional MLRS, THAAD, and Patriot launchers, and USMC LAV-AD vehicles. The early stage of the 
lift WIG excursion, therefore, closely parallels the base case results. By 1600 on Day 1 (corresponding to 
the base case unit position and status displayed on Figure 10), threat forces were reduced to 90 percent 
effectiveness. The slightly higher threat casualties relative to the base case scenario (2% additional losses) 
reflectmelossofsomeadditionalakcrafttomeimpro^^ 
is slight because the threat forces have not yet moved within range of the U.S. MLRS/ATACMS batteries. 

The impact of the additional force increment on U.S. survivability to this point is more dramatic. 
Although the U.S. is still taking heavy losses from threat air attacks (especially helicopters), total combat 
strength remains at 75 percent of the starting total, versus 63 percent in the base case (note: the additional 
force increment also raised the U.S. combat power calculus by about 10 percent according to the 
methodology used so actual U.S. strength at the time is equivalent to 83 percent of the base case starting 
total) Most importantly, significantly greater numbers of U.S. MLRS assets are surviving as compared 
with the base case. In the lift WIG excursion at the time, 21 of 27 MLRS, divided into rune batteries, are 
still active (although three additional MLRS are killed within two hours and well before the mass of threat 
ground forces moves within range). In the base case at this time, eight of nine starting MLRS had already 
been lost U.S. capabilities to interdict threat ground forces are thus significantly higher than in either the 
base case or combat WIG excursion (no MLRS survived to fireATACMs in the base case; two NTACMs 



WIGs, eachwithroughly an MLRS battery of firepower, and three MLRS—totaling the equivalent of nine 

MLRS—were used in the combat WIG excursion). 

TheeffectsofmeseadditionalU.S.interoUctionresourcesareseenasthreatlossesincreasesubstantially 

starting in the morning of Day 2. The biggest impact comes between midnight and 0400, when threat 
advances first bring them within AT ACMs range. Almost 20 percent of all threat losses throughout the lift 
WIG excursion are sustained in this four-hour period. By 1600 on Day 2, effective threat combat power 
is down to 52 percent, which compares favorably with the base case at 85 percent, and the combat WIG 
excursion at 59 percent. U.S. survivability continues to improve relative to the base case (62 percent versus 
47 percent; a 15 percent relative improvement in survivability). 

Astoethreatforcescontmuemekadvancehto 
apparent In addition to the losses causing substantial reductions in unit effectiveness, significant threat 
forces have stalled in their advance south (see Figure 23). The latter result is primarily caused by a 
combmationofunitsuppressionfrommcoimngfire,andlossesofcoordmationwimmghercorrm 

control echelons. The breakdown of C3 functions substantially undermines threat unit coordination, and 
in some cases, follow-on advance orders are delayed or never received. By Day 3,0600, the remnants of 
the threatforce reach contact with U.S. positions. By this time, the only effective threat units are elements 
of onearmoredbrigade,areconnaissance battalion, and supporting artillery and air defense. At 17 percent 
of starting combat strength, however, the threat force is still larger than the remaining 47 percent of U.S. 
forces (for instance, threat tanks number 113, as compared to 30 for the U.S.). 

ThemaponF&tt/*23 shows me furthest reaches of the threat advance. The map inset gives a clearer 
picture of the actual forces in contact as described above. Due to suppression effects, the timing of the two 
flanking maneuvers has been disrupted. As the map inset shows, the U.S. is able to deploy the Marine 
reserve inablocking position against both attacks, rather than being overrun (as in the base case), or drawn 
sigiuficantiyoutofposition(asinthecombatWIGexcurSion). ThcFigure23 graph shows the difference 
between therelativecombatstrengthsofbothsides in the base case and lift WIG excursion. As is apparent 
frommechart, threat strength in theexcursionis about one-fifth the base case level, while the U.S. is doing 
muchtettermanmme base case. The mam cto^^ 
bymesteepdeclmemmeliftWIGexcursion^ 
shamdeclmeisabsentmmebasecasedue 
major decline in threat excursion strength between Days 2 and 3 is caused by the greater survivability of 
U.S. artillery and direct fire assets as compared with the base case. 

Wimsomeofmethreatcombatrx>wertiedupm 
forces in contact actually end up facing localized inferiorities. In the hours Mowing the FigKre 23 map 
therefore the U.S. is able to force the surviving threat units to retreat with substantial losses. At the end 
offcescenario,melasttr^tumtstoreachm^ 
terrain (southwest of the inset map). At 200 miles from main supply bases and within easy reach of U.S. 
artillery and aircraft, however, the threat position is untenable. The scenario was therefore terminated at 

the end of Day 3. 

Based on the success of a relatively modest introduction of force in the lift WIG excursion, the ACR 
scenario was temporarily suspended. Instead, additional analysis was devoted to an excursion that 
combined the elements of the combat and lift WIG scenarios. This scenario (henceforth referred to as the 
combat WIG lift excursion) added the six combat WIGs, with the same configurations and operational 
concepts as previously employed, to the initial liftexcursion scenario. Figure24 shows the results of this 
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The combination of small numbers of seaborne combat WIGs with the additional ground force 
increment was dramatic. In the previous model runs, the U.S. had only been able to substantially 
disrupt the threat advance at most once outside of the final close combat phase of the engagement (late 
in Day 1 with the NTACMs combat WIGs; early Day 2 with the additional lift MLRS and not at all 
in the base case). With the combat WIGs (especially NTACMs) and high numbers of surviving MLRS 
(23 in the combat lift WIG versus 18 in the lift WIG), the U.S. is able to continuously interdict the threat 
forces. The results of these attacks can be seen on both the map and chart on Figure 24. With constant 
bombardment of N/ATACMs, numerous threat units are stalled or eliminated. The accompanying 
chart shows the steep decline in threat combat power. Figure 25 shows the relative standings of both 
sides at the four checkpoints used earlier in this analysis. 

Starting Day 1,1800 Day 2,1800 Day 3,0600 Day 3,1400 

Base Case 
U.S. 63% 47% 34% 30% 

Threat 92% 85% 72% 71% 
Force Ratio (Threat: U.S.) 3.8:1 5.5:1 6.9:1 8.3:1 9.1:1 

Combat WIG 
U.S. 73% 66% 47% 39% 

Threat 85% 59% 41% 38% 

Force Ratio (Threat: U.S.) 3.8:1 4.5:1 3.4:1 3.3:1 3.8:1 

Lift WIG 
US. 75% 62% 49% 47% 

Threat 90% 52% 24% 17% 

Force Ratio (Threat: U.S.) 3.5:1 4.2:1 2.9:1 1.7:1 1.2:1 

Combat Lift WIG 
US. 86% 84% 76% 74% 

Threat 84% 34% 19% 12% 

Force Ratio (Threat: U.S.) 3.5:1 3.4:1 1.4:1 0.9:1 0.6:1 

Figure 25. Relative Combat Standings at Key Engagement Times 

F.        CONCLUSIONS 

Based on the analysis conducted, WIGs appear to have a high potential to perform militarily useful 
missions. The addition of a relatively modest force of six combat WIGs and critical ground combat 
assets reversed the base case outcome in the final excursion as the Figure 25 table shows. The 
improvements to U.S. force lethality and survivability in the successive cases are significant and 
traceable to the new elements represented by the WIGs. The firepower of the NTACMs and MLRS/ 
ATACMs units play the most prominent roles in defeating the threat forces. The importance of the 
additional WIG- and ground-based air defenses in protecting the U.S. forces, however, should also 
be emphasized. 

Having stated that a high potential for militarily useful WIG missions exists, it is important to note 
several caveats. Most significantly, the chosen scenario represents an almost ideal proving ground 
for the selected WIG applications. The presence of a heavily mechanized force, moving a long 
distance in open terrain adjacent to coastal areas, presents an optimal interdiction target set. This does 



not mean the scenario is unrealistic for planning purposes, but the WIG roles must be evaluated against 
the range of potential conflict environments involving U.S. forces. Similarly, alternative operational 
concepts for WIG employment could significantly change their relative combat contributions. 

Related to the previous caveat is the need to assess other potential WIG applications. Several 
possibilities such as mine warfare, special operations and amphibious assault seem appropriate to the 
existing scenario. Other scenarios involving different conflict environments and intensities would 
probably suggest additional applications for consideration. Assuming that only small numbers of 
WIGs would ever be available for deployment—consistent with current capital ship numbers—it will 
be important to demonstrate multi-mission flexibility. The viability of WIG concepts would be further 
enhanced if commercial or dual-use applications could be developed. The ability to operate in a wide 
variety of roles will therefore be key to proving WIG concept utility. 

Another scenario consideration that should receive special attention is the ability of WIGs to 
operate in nuclear, biological and chemical (NBC) environments. Given continued proliferation 
trends, all major U.S. force structure planning should include the possibility of threat employment of 
NBC weapons. If WIGs can operate in such environments, other mitigating technical and operational 
factors may be offset. The speed and mobility of combat WIGs may make them more difficult targets 
for NBC weapons than stationed ground forces. If lift WIGs can operate at low/no infrastructure 
locations, U.S. power projection capabilities would also be significantly enhanced, especially if 
traditional air and sea ports have been shut down due to NBC use. The integration of conventional 
and NBC operations, therefore, appears to be an important area for future WIG assessments. 

Several caveats emerging from the current analysis concern the technical viability of WIG 
concepts. Detailed engineering studies obviously must be conducted, although such are outside the 
purview of this analysis. Some basic technical factors (e.g., weight and volume limitations, fuel 
fractions, etc.) were considered and additional model-assisted analysis could be conducted. A 
principal focus for this analysis should be to conduct vulnerability assessments of WIG concepts under 
different operational conditions. These assessments could be done based on one-on-one or few-on- 
few engagements, as well as in broader scenario contexts. The results of this analysis will not provide 
definitive WIG vulnerabilities (impossible without tests against a real system), but will provide 
important benchmarks for WIG designs. If WIG designs cannot meet vulnerability/survivability 
criteria, then overall military utility must be questioned. 

Possibly the most significant obstacle to WIG development is the projected cost of the technical 
solution. Cost effectiveness will be key in determining if WIGs can perform missions better than 
competing platforms. Detailed cost estimates should be conducted and factored into existing and 
future operational assessments. The operational integration is important because economic trade-offs 
between systems should be balanced with potential military consequences. For instance, the deterrent 
value of being able to deploy and loiter significant WIG combat power around the world in very short 
time periods should be factored into the research, development and acquisition planning process. If 
future WIG utility assessments indicate an opportunity for filling a crucial U.S. military requirement, 
then the cost of not building and deploying such a system or force, both in economic terms and in 
human lives, may be high if the required mission cannot be adequately fulfilled by other means. Future 
assessments should include emphasis on identifying such opportunities for unique WIG contributions 
to U.S. military capabilities. 
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10 OBJECTIVE / APPROACH 
The primary military use of a future large "wingship" has been identified as a 

transport platform which will improve U. S. airlift and sealift capabilities. An analysis of 
this mobility role is the main thrust of the activities of the mission analysis team 
assembled for the ARPA wingship study. As a adjunct to this effort, the Naval Surface 
Weapons Center (White Oak) and the Naval Air Warfare Center, Aircraft Division, 
Warminster addressed alternative missions which might benefit from the unique 
technical capabilities of wingship designs. While the NSWC examined potential surface 
platform roles for such a concept, NAWCADWAR analyzed the potential for its use in 
traditional or "new" airborne roles. In many cases, such as an amphibious assault, 
antisubmarine warfare (ASW) or mine warfare, the role distinctions become vague and 
in such cases were addressed by both groups. 

The NAWCADWAR chose an approach which examined the projected 
capabilities of wingships, determined what benefits these capabilities would have in 
current mission roles and suggested new roles in which the platforms could be utilized. 
The overall assessment is both qualitative and quantitative. Analysts familiar with the 
mission areas were consulted and their inputs incorporated into the study. Previous 
efforts which examined wing-in-ground effect (WIG) concepts were also utilized. 

Section 2 0 of this report is a summary of the characteristic data supplied for five 
wingship concepts (800 to 5000 ton class). Limited performance data was supplied and 
the information used is also summarized here. In the examination of a platform 
designed to fly primarily in-ground effect (IGE) but utilized as a conventional air platform 
(i e to cruise and sometimes loiter at altitude), it is important that the performance 
capability of that platform in the out-of-ground effect (OGE) regime be known. Detailed 
OGE performance information was not available for all five of the wingship concepts 
analyzed. It was therefore necessary to assume certain capabilities when examining 
the concepts in these roles. 

Prior to investigating the use of wingships in alternative air mission roles, it was 
necessary to examine the potential military benefits of the concepts. Section 3.0 
presents an attempt to understand these benefits while also addressing any 
characteristics of the platforms which could prove detrimental to mission goals. 

In Section 4.0 a series of top level examinations of potential naval air missions is 
presented. For each mission the following is discussed: 

• mission description / objective 
• •     background - what is the mission need? 

• rationale - for wingship utilization in the mission 
• requirements 

- mission 
- platform performance / combat suites / payloads 

• current / alternative systems 
• observations of wingship utilization 



Sections 5.0 and 6.0 present a detailed examination of two mission roles for the 
wingship concepts, that of an amphibious assault transport and that of a multi-mission 
(AAW / STW / Surveillance / etc.) offensive / defensive "Big Mother" air platform capable 
of performing simultaneous or sequential missions. 

The conclusions of Section 7.0 are drawn from both qualitative and quantitative 
analyses They are based on the expertise of the analysts and technologists in the 
mission areas, past related studies, requirements, etc. It must be stated here that there 
was no attempt to insert cost comparisons into the analysis process The study group 
was developing wingship cost parameters concurrently with this effort which precluded 
their use in this analysis. 

20 CONCEPT DEFINITION 
This section will provide a definition of "wingship" and try to establish a set ot 

ground rules as to just what the concept is capable'/ not capable of for analysis 
purposes. 

Basically a wingship is a large aircraft capable of carrying a payload many times 
greater than today's conventional transports at comparable speeds and with greater 
efficiency. Combining the characteristics of ships and aircraft, the wingship has the 
capacity of a ship and the speed of an aircraft. By flying close to the surface of the 
water (approximately 50 ft.) the designs operate IGE, improving lift while decreasing 
drag resulting in a theoretical fuel efficient mode of operation. A Power-Augmented- 
Ram (PAR) concept, using engine exhaust which is trapped under the fuselage and 
wings, generates an air cushion support to reduce takeoff power requirements. After 
takeoff, the wingship transitions from PAR to IGE. 

The wingship will have the capability to: 

• fly IGE at sea states up to 4 and over level terrain. 

TO and land fully loaded in the water. No ground landing is possible 
without significantly damaging the wingship. Takeoff from land is 
impossible with payloads. 

"sea sit" - sit in the water (up to sea state 4) with a substantial 
amount of stability. 

maneuver on the water (with a draft of 10 -15 ft.) at low speeds 
(up to 20 kts.). 

• nose-to-shore unload. 

• fly OGE for significant periods of time at altitudes approaching 10K ft 
with the capability to "pop-up" to 20K ft. (This capability has not 
been agreed upon by technologists for these particular design 
concepts. Performance information provided for OGE 
operations is limited). 



For the purpose of this analysis five wingship concepts were designated for 
mission requirements and sizing exercises. The takeoff gross weights ranged from 800 
to 5000 tons. Specific information on the concepts' payloads, empty weights and fuel 
fractions, speeds, ranges and cargo bay dimensions are presented in table 2.1. 

Table 2.1: Wingship Mission Analysis Concept Design Points 

WINGSHIP 
CONCEPT 

1 
2 
3 

GTOW 
(TONS) 

800 
800 
3000 

3000 

5000 

FRAC. 

0.2 
0.3 
0.2 

0.3 

0.3 

)AD      EMPTY FUEL SPEED 
D.        WEIGHT FRAC (KNOTS) 

FRAC 
0.44 0.36 330 

I          0.53 0.17 330 
»          0.39 0.41 320 

0.46     0.24      320 

0.70     0.40      400 

RANGE CARGO BAY (WXH'XL1) 
(NM) INTERNAL DIMENSIONS 

2900 14'X 19.5'X 126' 
900 17' X 22' X 143.5' 
4600 24.4' X 30.4' X 

197.6' 
2050 28.4' X 34.75' X 

226.25' 
9000 39'X 13.5'X 311' 

72'X 19.5'X 316' I 
The following figures (2.1 to 2.5) represent the limited performance data made 

available for the wingship concepts at the time of this analysis. They were derived from 
a Northrop wingship parametric study, reference a., and some later information provided 
by the mission analysis team. An effort to further define the concepts and the potential 
performance was still on-going by the team and was not available for this first look into 
alternative missions. 
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3.0 MILITARY VALUE OF THE WINGSHIP CONCEPTS 
The primary projected value of a PAR WIG (wingship) is its ability to transport 

large payloads, long distances at relatively high speeds. There is a theoretical 
improvement in aerodynamic efficiency of large payload (160 -1500 ton) wingships 
operating IGE at significantly higher speeds than platforms which must remain in 
contact with the water. 

This section will summarize and discuss the identified baseline wingship 
concepts' (Sec 2.0) advantages and disadvantages for utilization in naval air mission 
roles. 

3.1 EFFICIENT PAYLOAD TRANSPORT 
Heavy (large) payload, long distance operations, relatively high speed and 

efficient operational capabilities. These are the most widely identified benefits of a large 
wingship when compared to conventional combinations of ships / aircraft for moving 
large amounts of cargo / personnel in a short time (i.e. with minimal warning). It is 
because of the potential for this capability that the overall wingship analysis was 
originally undertaken. Utilizing projected performance information supplied by the 
wingship analysis technical group and Aerocon Inc., the company who designed the 
concepts (under ARPA contract), this projected efficiency was examined. 

It must be stressed here that within the technical arm of the wingship study 
group, the projected capabilities of the systems are not without some doubters. 
Questions have arisen as to the actual amount of fuel required for the concepts to leave 
the surface of the water and reach an efficient cruise condition. Theoretical 
aerodynamic studies have been conducted for decades with the only "real" data derived 
from Soviet-built scale models and some operational data from the "Caspian Sea- 
Monster" in the 1960s. Two wingships, the Orlyanok (154 tons) and the Lun (441 tons) 
were constructed for military use but no actual operational use has occurred. 

The parametric data (Section 2.0) also suggests that as the wingships fly OGE (if 
indeed this is actually possible for long durations) the efficiency of the craft decreases 
significantly. This is understandable for the wingships were not designed to fly in this 
regime, yet it becomes extremely important when considering the concept for use in a 
naval air role. The additional engines required for takeoff but not used in IGE cruise 
could be used in powering the platform to altitude, (figure 2.3) 



Table 3.1: Aircraft/Wingship Characteristics/Performance 

A/c 

C-5 
C-17 

KC-130 
KC-135 
C-141 

P-3 
WS 800 Ton 
WS 800 Ton 
WS 1500 Ton 
WS 1500 Ton 
WS 5000 Ton 

OPER. 
GW 
(k-lb) 

769 
585 
155 

275.5 
287 
135 

1600 
1600 
3000 
3000 
10000 

PAYLOAD 
(k-lb) 

265 
160 
28 
87 
134 
20 

320 
480 
600 
900 
3000 

PAY 
FRAC 

0.34 
0.3 
0.18 
0.32 
0.47 
0.14 
0.2 
0.3 
0.2 
0.3 
0.3 

PAYLOAD 
VOL 

(k-ft)3 

35 
38.0 

5.5 
6.5 
4.2 
34.4 
53.7 
146.6 
223.4 
607.4 

FUEL 
(k-lb) 

177 
176 
46 
80 
150 
62 
576 
272 
1230 
720 

4000 

FUEL 
FRACT 

0.23 
0.30 
0.30 
0.29 
0.52 
0.46 
0.36 
0.17 
0.41 

RANGE 
(nm) 

2456 
2400 
2841 
2621 
2100 
4000 
2900 
900 
4600 

0.24 
0.40 

2050 
9000 

SPEED 
(kts) 

450 
450 
300 
450 
422 
411 
330 

FERRY 
RANGE 

(nm) 
6750 
4600 
4586 
7600 
6350 
4830 
-4250 

330 
320 
320 
400 

-4250 

19800 

Table 3 1 is a comparison of some military aircraft characteristics and 
performance (references b and c) and those of the five wingship concepts. A cursory 
look at this data suggests the following: 

the unrefueled ranges of the transport aircraft are comparable to the 
800 /1500 ton wingship designs. 

the fuel efficiencies (ton - miles /fuel) of the aircraft were higher than 
the 800 ton wingship designs. The efficiencies of the 1500 ton 
designs are less than that of two aircraft examined (C-5 and KC- 
135). Information provided for the 5000 ton design showed an 
efficiency almost double that of a C-5 and triple that of a C-17. 
Available data shows that the efficiency of the wingships increase as 
the size of the concept grows. No projections were made beyond a 
5000 ton size vehicle. 

the projected wingship cruise speeds are lower than many of the 
transport aircraft listed. It should be noted that the wingship 
speeds shown are IGE. No projections of cruise speed at altitude 
were provided. 

• The payload fractions of the aircraft and wingships are similar. 

• the wingship designs offer the capability to carry a significantly 
larger payload (weight and volume) than current or projected military 
transport aircraft at comparable speeds and distances. 

This final capability would seem to make the wingship an ideal candidate when a 
mission called for a ship-sized cargo to be delivered a significant distance in a short 
time (a rapid response mode in support of projected rapid movement forces). It would 
also prove beneficial as a platform for carrying a large weapon (offensive / defensive), 
sensor and power-generating equipment payload. The system could be capable of 



conducting simultaneous / sequential missions without having to refuel, rearm.etc. The 
range capability of such a platform would allow for almost unlimited basing potential. 

3.2 SEA SITTING u.r        _, .     . 
The wingship concepts being examined will have the capability to fly over land 

both OGE and IGE (smooth terrain), but are designed primarily to operate over large 
bodies of water. They will takeoff from, land and be based on the water. The definition 
of "sea sitter" is a platform that will be capable of being based at sea (in sea states of 3 
/4) for long periods and also be stable enough to conduct operations (load and off load 
payloads) in these conditions. A large seaplane design of similar size would be able to 
land on the water but would not be stable in these sea states and would not be 
considered a sea sitter. The wingship concepts also have an extremely shallow draft 
(approx. 15 ft.) which would not restrict operations to harbors with the deep channels 
required by most shipping. The concepts are projected to be maneuverable on the 
water at about 20 kts. 

The obvious advantage to all this is that the wingships will not be restricted to 
utilizing airfields which must accommodate their large size. There are currently a 
significant number of runways available to US forces whose dimensions force our large 
cargo transport fleet to land with a significant payload or fuel penalty. The situation is 
more critical when considering projections of potential base denials for our aircraft. 
Another advantage of a sea sitter is that if required it could extend its range through the 
use of at-sea refueling from shipping assets. 

The down side to the "sea-landing-only" aspect of the wingship design is the 
inability to deliver beyond the beach (other than air drop). Some air missions (USMC 
inland assault) requiring the transportation of troops / cargo inland could not be 
accomplished with this restriction. Another factor which must be considered is that 
there are some areas of the world where coastline geographies make off-loading to a 
beach impossible. Ports /harbors or a system to transfer (airlift) the cargo / personnel 
would be required. 

3.3 SURVIVABILITY .    .,. .      t 
From a survivability perspective wingship designs exhibit a significant advantage 

over ships in that while transporting payloads IGE the susceptibility to submarine / mine 
threats is essentially negated. However, when seasitting or maneuvering on the water 
these threats must be addressed. Wingship efficiencies and relatively high speeds 
would allow it to follow circuitous routes to evade perceived threats. Being a sea sitter it 
can land on the water outside the envelopes of any shore based threat. By flying IGE 
(low) it will avoid some weapon / sensor systems. Most air missions require the 
platform to increase its altitude at some point thus negating this low level flight 
advantage. Section 6.0 examines in detail this aspect of the platforms susceptibility for 
both "pop-up" and loiter portions of an offensive / defensive air platform mission. In 
addition the tactical cost of low level flight is examined (optical horizon reduction and 
associated sensor / weapon use limitations). 



40 NAVAL AIR WINGSHIP APPLICATIONS . 
From a naval air mission perspective, the primary wingship evaluation factor has 

not been fully defined - that is the Hue. operation-at-altitude performance of these large 
wingship concepts. As has been previously stated, there is only limited theoretical 
parametric data in existence and limited agreement among technologists as to its 
viability. In most airborne missions (with the exception of logistics / transport 
operations) endurance at altitude is a critical requirement for all platforms. However, for 
this analysis, the information provided was assumed to be accurate and projections 
were made to complete the data set. 

4.1 NAVAL WARFARE TASKS 
The following tables (4.1,4.2) summarize the fundamental and supporting naval, 

warfare tasks as defined by NWP-1 (ref d). Examination of the potential utilization of the 
wingships in some of these task areas are presented in the following section. 

Table 4.1: Fundamental Naval Warfare Tasks 

NAVAL WARFARE TASK 
ANTI-AIR WARFARE 
(AAW) 

ANTI-SUBMARINE 
WARFARE (ASW) 

ANTI-SURFACE-SHIP 
WARFARE (ASUW) 

STRIKE WARFARE (STW) 

AMPHIBIOUS WARFARE 
(AMW) 

MINE WARFARE (MIW) 

DEFINITION 
The destruction of enemy air platforms and airborne weapons, whether 
launched from air, surface, subsurface or land platforms. It comprises 
all the measures that are employed in achieving air superiority. 
The destruction or neutralization of enemy submarines. The aim of anti- 
submarine warfare is to deny the enemy the effective use of his 
submarines. 
The destruction or neutralization of enemy surface combatants and 
merchant ships. Its aim is to deny the enemy the effective use of his 
surface warships and cargo carrying capacity 
The destruction or neutralization of enemy targets ashore through the 
use of conventional or nuclear weapons. This includes operating bases 
from which an enemy is capable of conducting or supporting air, surface 
or subsurface operations against U.S. or allied forces.  
Attacks, launched from the sea by naval forces and by landing forces 
embarked in ships or craft, designed to achieve a landing on a hostile 
shore. It includes fire support of troops in contact with enemy forces 
through the use of close air support or shore bombardment. 
The use of mines and mine countermeasures. It consists of the control 
or denial of sea or harbor areas through the laying of minefields and 
countering enemy mine warfare through the destruction or neutralization 
of hostile minefields. _  



Table 4.2: Supporting Naval Warfare Tasks 

NAVAL WARFARE TASK 
SPECIAL WARFARE 
(SW) 

OCEAN SURVEILLANCE 
(OS) 

INTELLIGENCE (INT) 

COMMAND, CONTROL & 
COMMUNICATIONS (C3) 

ELECTRONIC WARFARE 
(EW) 

LOGISITICS (LOG) 

DEFINITION 
Naval operations generally accepted as being non-conventional in nature, 
in many cases clandestine in character. Special warfare includes special 
mobile operations, unconventional warfare, coastal and river interdiction, 
beach and coastal reconnaissance, and certain tactical intelligence 
operations. 
The systematic observation of ocean areas to detect, locate and classify 
selected high interest aerospace, surface, and subsurface targets and 
provide this information to users in a timely manner. A target may be any 
hostile, neutral or friendly platform of interest. Ocean surveillance provides 
the current operational setting in which Navy commanders deploy forces to 
do battle 
The assessment and management of information obtained via surveillance, 
reconnaissance and other means to produce timely indications and 
warning, location identification, intentions, technical capabilities, and tactics 
of potential enemies and other countries of interest. 
The overall operational management of the Navy in peace and war. The 
Navy Command and Control System (NCCS) provides the means to 
effectively exercise the authority and direction of naval forces in the 
accomplishment of their mission. It ensures that all Naval command 
echelons are able to discharge their individual responsibilities by receiving 
sufficient, accurate and timely information on which to base their decisions 
and by having available the means to communicate these decisions to the 
forces involved 
Electronic support for all warfare tasks. Its primary objective is to ensure 
the effective use of the electromagnetic spectrum by friendly forces while 
reducing or denying its use to an enemy. 
The re-supply of combat consumables to combatant forces in the theater of 
operations. It may often be a major factor in determining the success or 
failure of an operation. A principal aim of naval logistics is to make the 
operating forces as independent as possible of overseas bases.  

4.2 WINGSHIP MISSION APPUCATIONS (TOP LEVEL) 
In order to examine the potential use of large wingships in naval air roles, mission 

analysts familiar with current and projected task requirements were provided a summary 
of the baseline concept designs (characteristics / performance data) and asked to 
comment on the platforms' viability in certain mission roles. They were also urged to 
fully consider how the wingship could fit into the Regional Defense Strategy proposed in 
the current Defense Planning Guidance (DPG) (reference e). The DPG , which 
addresses out to 1999 "and beyond", was used as a basis for the determination of 
mission / need requirements for a mid and far term introduction of the wingships. The 
DPG seeks 

"...to promote a more stable and democratic world....by adopting a regional 
focus for our efforts to strengthen cooperative defense arrangements with 
friendly states and to preclude hostile, nondemocratic powers from 
dominating regions of the world critical to us. The strategy also aims to 
raise a further barrier to the rise of a serious global challenge. To 
accomplish these goals, we must preserve U.S. leadership, maintain 
leading-edge military capabilities, and enhance collective security among 
democratic nations. The National Military Strategy reflects these 
considerations in the force employment and adaptive planning guidance it 
provides  The regional defense strategy rests on four essential elements: 



• Strategie Deterrence and Defense - a credible strategic nuclear 
deterrent capability, and strategic defense against limited strikes. 

• Forward Presence -- forward deployed or stationed forces (albeit at 
reduced levels) to strengthen alliances, show our resolve, and 
dissuade challengers in regions critical to us. 

• Crisis Response -- forces and mobility to respond quickly and 
decisively with a range of options to regional crises of concern 
to us. 

• Reconstitution - the capability to generate wholly new forces to 
hedge against renewed global threats." 

The following missions were reviewed and potential wingship benefits studied: 

• Anti -Submarine Warfare (ASW) 

• Force Sustainment 

• Aerial Refueling 

• Mine Warfare (Offensive) 

• Airborne Mine Countermeasures (AMCM) 

These initial top level mission investigations seek to identify mission objectives, present 
background needs discussions, provide a rationale for the potential introduction of the 
wingship in the mission role, identify mission and platform requirements (including 
payloads and /or combat suites), identify current or alternative systems and provide final 
observations as to the overall value of the wingship in this warfare task. 

Two other missions were selected for a more extensive examination. These are 
Amphibious Assault and a multi-mission offensive / defensive weapons platform. These 
analyses are presented in Sections 5.0 and 6.0 respectively. 

Other, more ship-oriented, roles for the wingship such as a Special Operations 
Force (SOF) carrier, a self-sustaining blockade platform or a large evacuation vehicle 
were not examined in the effort but should be addressed in the future. 



4.2.1 Airborne Anti -Submarine Warfare (ASW) 
Mission Area: ASW 

Mission Objective: Provide an airborne capability to support the destruction / 
neutralization of enemy submarines. Detect, locate, classify, track and / or engage 
submarines in cooperation with other forces and / or with self directed anti-submarine 
armament. 

Background: Anti-submarine warfare protection (carrier task forces, convoys, 
amphibious task forces) missions include area search, barrier, surveillance support 
contact investigation and screening. Area search missions are conducted in the open 
ocean to clear out areas of known or suspected submarine activity. For this mission a 
moving barrier of adjacent sonobouy fields is planted and monitored by the ASW 
aircraft. In the barrier mission, ASW barriers are employed primarily for interdiction of 
enemy submarines across principal transit lanes or for bounding and controlling access 
to selected ocean areas. Contact investigations are generated by SOSUS, towed array, 
lost contacts by other ASW tactical units, etc. Screening is the role of providing 
protection around the task force / convoy as it proceeds forward. 

Rationale: The wingship concept characteristics considered to be of benefit to 
the ASW mission area include long range capability, efficiency, speed and large payload 
capability. 

Requirements: Three basic air platforms provide ASW mission support: land- 
based long range aircraft, carrier-based conventional aircraft and carrier / amphibious 
platform-based rotary wing aircraft. 

A typical profile for a land based ASW aircraft includes flying out 100 to1500 nm, 
spending 4 to 6 hours time-on-station (TOS), at altitudes between 5 and 15 K ft. with an 
occasional drop to 1 -1.5 K ft. to search for periscopes. Typical TOS for the CV-based 
aircraft is 4 hours. These two platforms will work in concert with one another based on 
their capabilities (range, payload and response time) and the nature of the mission. The 
rotary wing platform adds a dipping sonar capability to the mix. Typically the 
conventional aircraft may be armed with Anti-Surface-Missiles (ASMs) for "target of 
opportunity" anti-surface warfare (ASuW) engagements. 

A future ASW combat suite may consist of the following: 

Sensors: - sonar receivers (2 or more) 
- AN/UYS-2 
-MAD 
-ESM 
-ECM 
- FLIR 
- RADAR (periscope) 
- Dipping Sonar TBD 



Armament / deployables*: - > 30 sonobouys 
- 10ormoreMK-50s 
- TBD depth charges 
-10 or more ASMs (for ASuW mission) 
- TBD AAMs (self defense) 
- UAVs** 

* The numbers of armaments / deployables is a direct function of the size of the 
area to be covered and the potential intensity of the threat. It is in making these 
determinations that the platform performance (at altitude) must be entered into the 

equa '^"'jne potential use of unmanned air vehicles (UAVs) as monitoring platforms at 
altitude launched from "mother ships" is currently under study and could be applied to 
this mission area. 

Current / Alternative Systems: 

Land-based - P-3 
Carrier-based - S-3 
Helo - H-60 

Observations: Although the wingship size would offer a capability to carry more 
sensors, weapons, fuel, etc., the ASW analysts queried doubted the viability of such a 
large platform (800 - 5000 ton) in a traditional air ASW role. They stated that air ASW 
shortfalls were related more to sensor capabilities than air platform capacity or 
performance. Because much of the mission time for ASW is spent loitering at altitude , 
the efficiency of the platform in its current wingship configuration was questioned. As 
sensor capabilities increase (i.e. periscope detection radars, etc.) extended coverage 
will be possible by increasing air platform loiter altitudes. The ability of the platform to 
accommodate some self protection while carrying a full sensor / weapon payload is_a 
plus for the wingship. The "Advanced Naval Vehicles Concepts Evaluation (ANVCE) 
Project (reference f), which examined a series of advanced platforms (surface ships 
SESs WIGs, OGE operating WIGs and "designed-for-loiter" aircraft), concluded that the 
air ASW mission should be conducted by a platform designed to fly primarily OGE. 



4.2.2 Time-Critical At Sea Replenishment 
Mission Area: Logistics / Force Sustainment 

Mission Objective: The rapid, covert delivery of mission critical supplies, 
personnel or special munitions to remotely deployed combat units engaged in 
operations or anticipating operations 

Rationale: The wingship could deliver the necessary supplies or personnel 
rapidly to the forces at sea requiring replenishment by providing post-deployment 
logistic support at sea or along isolated coastlines without land-bound rendezvous 
access capabilities (ports, airfields, drop zones) that are necessary for re-supply by ship 
or transport aircraft. These restrictions would complicate and possibly compromise the 
mission. Furthermore, because of the considerable payload of the wingship, a small 
special ops force could have greater than 100 tons of potential supply capacity at its 
disposal. This could provide some interesting possibilities to operational planners. 

Requirements: 

Range: >2500nm; with one refueling > 5000 nm 
Cargo load: supplies, munitions, troops, SDVs, etc. 

(Capacity reqt. mission related) 
Surface sitter up to sea state 4 (negates seaplane concept) 

Current / Alternative Systems: N/A 

Observations: The wingship's primary benefit is delivering a large payload, over 
long distances with transport aircraft speed. When considering SOF or RDF missions, 
operational planners are often constrained by logistic and mobility considerations. The 
wingship may provide a solution. Typically small forces with light equipment can move 
rapidly, but the same force could not employ bulky equipment. This force, supported by 
the wingship, could employ heavier equipment and greater firepower. Also consider the 
advantage of at sea replenishment of special munitions or warloads of deployed ships 
or submarines. The ship or submarine could withdraw from the immediate area of 
operations to a rendezvous location to receive the cargo from the wingship. The 
replenished unit can then be rapidly recommitted to operations. 



4.2.3 Navy / USMC Air Refueling 
Mission Area: Multi 

Mission Objective: Provide adequate tanking capability for carrier-based aircraft: 
duty tanking, Fleet Air Defense (FAD) support and strike support. Provide air refueling 
during USMC combat and deployment missions. 

Background: Current carrier-based tanking is conducted by dedicated tankers 
supplemented by strike aircraft with buddy stores. Duty tanking involves primarily 
loitering in the vicinity of the carrier, refueling low state aircraft during recovery and 
providing fuel for all oncoming fighters. FAD support involves surge tanking to support 
the FAD fighter combat air patrol (CAP) grids. Strike support involves overhead tanking 
of a strike group in close proximity to the carrier group. 

In the USMC combat support role, the tanker will fly within 50 nm of the forward 
edqe of the battle area (FEBA), loitering at airspeeds compatible with the tactical 
aircraft, providing the necessary refueling to extend their maximum range, increase their 
TOS and payload capabilities and increase their operational flexibility. Deployment 
support includes aerial refueling and navigational support to deploying tactical aircraft. 

Rational: The primary advantage of using a wingship as a tanker is the 
increased tankage capacity based on its large payload capacity. The platform, when 
not transferring fuel, could sea-sit, thereby opening up valuable deck space on the 
carrier. The wingship tanker could also be refueled on the water. 

Requirements: Currently the flight profile of the duty tanker may take one of 
three forms- a yo-yo profile, where the tanker launches early, transfers all of its fueling 
over a short period of time, and lands near the end of the subsequent recovery period; a 
sinqle cycle profile where the tanker transfers its fuel and lands after one complete deck 
cycle- and a double cycle profile, where the tanker has sufficient fuel to remain airborne 
for two complete deck cycles. The profile flown depends on the number of returning 
aircraft that need fuel, the amount of fuel that they need to make it to the next landing 
period and whether or not there are one or two duty tankers operating at the same time. 
Altitude requirements range from SL to 20K ft. with speed requirements of 200 to 250 
kts 

The FAD support mission is a surge tanking requirement to support a FAD fighter 
CAP arid  This grid represents current fleet tactics against high priority air threats, and 
imposes the greatest demands on the tanker assets. Performance requirements are the 
same as for duty tanking. Strike support tanking missions generally involve overhead 
refueling in the vicinity of the carrier or escort tanking of strike group aircraft. Strike 
support tanking in the vicinity of the carrier is generally not very demanding and can be 
considered a fallout capability. Strike escort tanking requires the tanker to have cruise / 
climb performance capabilities comparable with that of the strike group. 

USMC combat support and deployment support platforms require cruise 
compatibility with their tactical aircraft. Combat support requires the tanker to fly within 
50 miles of the FEBA, loiter (approx. 2 hrs) at Mach .65 - .7 at 20 - 25K ft. providing 
maximum fuel. Deployment support provides aerial refueling and navigational support 
to USMC tactical aircraft deploying out to 3000 nm. The mission altitude called for is 
within the 30 - 35K ft. band. Mission airspeed is within a range extending from the 



maximum endurance airspeed to the maximum range airspeed of the tactical aircraft 
(Mach 7 at 30K ft.). The deployment support mission also requires a platform 
compatible with short airfields (4K ft.) with a capability of transporting the unit equipment 
of a Marine Expeditionary Force (MEF). 

Qlirmnt / Alternative Systems: 

CV tanking - A-6 and or other available strike aircraft using "buddy 
stores". 

USMC tanking - KC-130s 
USAF tanking - KC-135s/KC-10s 

Observations: The potential high capacity wingship aerial tanker for CV aircraft 
would allow a Battle Group stance further out at sea, providing reduced susceptibility to 
the forces While a wingship obviously cannot meet the inland transport requirements ot 
the USMC deployment mission, the increased fuel delivery capacity and comparable 
range capabilities with current large transports, makes the wingship a viable candidate 
for refueling. A major key to the acceptance of the wingship in this role will be its OGE 
altitude / speed capability (compatibility with receiver tactical aircraft). A seaplane 
option may offer the wingship benefits while meeting the aerodynamic requirements of 
the mission (including the transport role). 



4.2.4 Rapid Offensive Mine Delivery 
Mission Area: Mine Warfare 

Mission Objective: Provide for the rapid deployment of mines (accurately 
positioned and armed) before intended targets transit and in view of projected limited air 
assets. 

Background: The requirement for timely mine laying places a burden on the fleet 
to employ platforms with acceptable capabilities. Operational and environmental factors 
which drive the vehicle performance requirements include: target type, mine type / 
numbers, response time, distances from mine stocks to objective area, laying accuracy 
required, target area topography, threats and required covertness. Each of three 
delivery platform types (aircraft, ships and submarines) have some unique capabilities 
which, under different situations, make them the most effective system. No vehicles are 
configured solely for mine delivery. 

Rationale- The wingship capabilities which make it a capable mine layer are its 
larqe payload capacity, which could significantly reduce the number of sorties required 
to sow a field. Individual mines can weigh as much as 2300 lbs. thus taxing air asset 
numbers to the maximum when large area fields are required. Surface ships offer the 
advantage of delivering a larger payload of mines than either aircraft or submarines but 
are susceptible to attack by enemy submarines. High speed above ocean operations of 
a winqship would resolve this deficiency. The speed of the wingship and its range / 
endurance combine to make it a capable platform when response time is^critical and the 
distances from the mine stockpile to the objective area are significant. The IGE transit 
and delivery mode of the wingship would add an element of covertness to the mission 
achieved only by the limited delivery capability of a submarine. 

Requirements: Although no specific requirements are specified for airborne mine 
delivery (usually a fallout capability for those aircraft available for mine delivery use) the 
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stop if required). . 
Speed: To accurately deliver mines an aircraft must be capable of flying 

200 to 500 kts at 200 to 500 ft. 
Payload: No total requirement. The more mines carried the less sorties 

required per minefield. 

nurrant / Alternative Systems: Alternative systems include aircraft, surface 
platforms, or submarines. . ♦„,«„««* 

Aircraft- limited payloads of carrier-based aircraft. Large payload transport 
systems may not be capable of flying an envelope which would 
allow for low susceptibility while making accurate deliveries. 

Surface platforms: large capacities / accurate deliveries but its 
susceptibility would limit it to a defensive mining role. 

Submarines: while covert, limited mine carrying capability and an inability 
to replenish a minefield once laid. 



Observations: A multi-role wingship platform (ASW, ASuW, etc.) might include 
mine delivery as a potential role in a future of limited aircraft availability (i.e. carrier 
assets). The combination of speed / payload / endurance would meet potential 
shortfalls of current operational platforms. 



4.2.5 Airborne Mine Countermeasures (AMCM) 
Mission Area: Mine Warfare 

Mission Objective: Provide a means to timely clear (remove) all mines from an 
assigned area or to keep the threat of mines to traffic a low as possible. Critical areas 
of interest include coastal shallows. 

Background: The "air" portion of the AMCM mission can be divided into two 
distinct tasks: the transport of the AMCM squadrons' equipment to the operations area 
and the actual mine location, identification and clearance. Currently the movement of a 

typical AMCM squadron (approx. 185 tons) requires seven C-5As and eight C-141 s and 
involves complex off loading and loadings of equipment, sometimes at significant 
distances from the operation areas (reference h). Time response to the zone is 
significant and requires adequate warning time. Once set in the clearance area, rotary 
wing aircraft are the air platforms used in the actual AMCM role. 

Rationale: A wingship dedicated to AMCM could be dispatched from CONUS (or 
a forward base) at relatively high speeds with an entire AMCM squadron, approach the 
operations area with low level flight covertness and either transfer the assets to 
conventional at-sea platforms or act as the AMCM squadron base. A large wingship, as 
a sea sitter, could be utilized as an at-sea base, launching helicopters or the projected 
Remote-Operated Minecraft Aircushion (ROMAC) (reference i) vehicles to clear the 
minefield. See Figure 4.1. The wingship itself could be utilized over the shallows using 
electro-optic scanning to detect mines. 

Figure 4.1: REMOTE-OPERATED MINECRAFT AIR CUSHION (ROMAC) 



Requirements: 

Range: >5000nm 
Payioad: > 185 tons (AMCM Sqd.) 
Capabilities: - mine hunting (location / identification sensors) 

- mechanical / magnetic / acoustic sweeping 

r>rrffnt / Alternative Systems: 

• Current transport assets include C-5s and C-141 s 

• The MH-53Es and RH-53s are the current airborne assets of the 
AMCM squadrons. They base on suitable beaches or surface 
platforms. 

Observations: A wingship concept capable of transporting an entire AMCM 
squadron from CONUS or forward base with relatively high speed to an operational 
area sea-sitting outside any threat envelope and immediately beginning operations 
would be addressing the crisis response element of the regional defense strategy. In 
addition, this capability would relieve an adverse impact that AMCM operations usually 
have on the operations of the amphibious platforms or CVs from which they are forced 
to operate. A large wingship conducting an amphibious assault (see Section 5.0) could 
also sweep the assault lanes ahead of the amphibious force by utilizing on-board 
carried helicopters or ROMACs. 



50 AMPHIBIOUS ASSAULT . 
The concept of amphibious assault encompasses several missions of various 

size and techniques, all based on the premise of delivering combat forces from the sea 
to an area ashore to achieve specific objectives including, but not limited to, 
establishment of a base for further combat assault against hostile forces. The 
amphibious assault may be conducted by units ranging in size from a smaH raid 
(approximately 100 troops) to a full-scale Marine Expeditionary Force (MEF) (15,00+ 
troops) The landing zone for the assault may be the shore (beach) or any area further 
inland using helicopters for troop emplacement. In all cases, convention has the troops 
delivered to an initial point by ship from which the landing is conducted using various 
assault vehicles including Landing Craft Air Cushion (LCAC) vehicles, helicopters, 
Armored Assault Vehicles (AAVs), etc. .... 

The wingship lends itself to amphibious assault by providing another dimension 
for operational planners. By its nature, the wingship can operate from bases remote 
from the Amphibious Operations Area (AOA), yet can deliver large quantities of men 
and material to the AOA in a timely manner. The following paragraphs discuss potential 
wingship use in Amphibious Assault Operations. nr:nriin 

The five wingship conceptual designs were discussed previously. They varied in 
both size and payload capacity. In order to discuss their applicability for amphibious 
assault, the size/payload requirements of the different assault operations must be 
considered. Table 5.1 provides a listing of the unit size including the number of troops 
and the associated weights and volumes for their equipment. Additional details ot 
specific major equipment will be referenced during subsequent paragraphs as dictated 
by the mission profile under consideration. 

Table 5.1: Amphibious Assault Fingerprints 

AMPHIBIOUS ASSAULT FINGERPRINTS 
TROOPS VFHICLESfKSQFn CARGOfKCUFn WTCTONSr 

SPECIAL OPERATIONS RAID 170 3 1 41 

REINFORCED INFANTRY BATTALION 1,129 25 50 750 

MARINE EXPEDITIONARY UINIT 2,800 62 160 1,850 

MARINE EXPEDITIONARY BRIGADE 13,500 300 560 7,500 

MARINE EXPEDITIONARY FORCE 37,800 870 1,350 22,500 

•ESTIMATED BASED ON LCAC TONNAGE CARRIED IN MEU SURFACE ASSAULTS  

For the purpose of discussing the use of wingships in Amphibious Assault, 
several potential operational concepts must be examined. The wingship could be used 
to transport troops from bases to the AOA for transfer to assault ships at sea. The 
winqship could also be used for the assault itself, supplementing and/or replacing the 
assault ships in the operation. If used for the actual assault, the wingship could deliver 
the force to the beach directly or land amphibious assault vehicles from 25-100 nautical 
miles offshore. 



5.1 TROOP TRANSFER AT SEA 
The wingship has a large lift-transport capability lending it to the rapid 

deployment of troops from a distant training/rear echelon base. The troop transfer at 
sea mission utilizes both the size of the wingship and its speed advantages over 
surface combatants. 

In this concept, assault troops would remain at their base for training and 
preparation, either in CONUS or at a forward but rear echelon base such as Diego 
Garcia in the Indian Ocean. As D-Day approached, the troops would be transported 
directly from their embarkation point to the assault ships which were prepositioned in 
proximity to the assault area of operations. 

This concept allows the heavy equipment and supplies to be deployed to the 
regions of conflict well before the actual assault. The assault ships would be positioned 
off-shore, where required, days, weeks, even months before the operation serving as a 
show-of-force as well. More than one assault group could be deployed, if necessary, 
based on the world political situation, the troops themselves would remain at their base 
(CONUS or forward such as Diego Garcia) for training and rest. As the commitment 
date approaches, these forces with their personal equipment and perishable supplies 
would be transported to the waiting amphibious assault group of ships using wingships. 
Upon arrival the wingships would land at sea near the ships and transfer the troops, etc. 
to the ships. The assault would then be conducted in a conventional manner. 

The advantage of this concept is that the troops would be fresh not having spent 
weeks or more aboard ship. Their training would be more current. They would be 
rested. The disadvantages include the complexity / risk of transfer at sea of thousands 
of troops, and the fact that the training involved equipment other than the actual 
equipment to be used in combat. 

This concept does provide a flexibility for noncommittal of forces to a specific 
action and an ability to commit them to optional locations as political situations dictate. 
From that standpoint it is a potentially effective force multiplier. 

5.2 DIRECT ASSAULT OPERATIONS 
The wingship may be used as the assault vehicle, itself, either by providing a 

direct step-off platform at the beach or by deploying landing craft at sea. In order to 
discuss the various operations and requirements, Table 5.2 is included to provide an 
illustration of the types of equipment//weapons used by the assault forces and their 
weight and volume imposition on the wingship. Table 5.3 provides similar data on a 
representative listing of landing craft which could be used to achieve the assault from 
wingships off-shore. 



Table 5.2: Assault Force Heavy Equipment 

EQUIPMENT 

AAV (Armored Assault Vehicle) 
HMMWV (Cargo) 
(Weapons) 
(Ammo) 
M923 (3-Ton Truck) 
M105A2 (Trailer) 
M1A1 (Tank) 
LAV (Light Armor Vehicle) 
LVS (Logistic Vehicle System) 
M198 (155 mm Howitzer) 
M923 (5-Ton Truck-Howitzer Tow) 
LAV-MEWSS (EW Support) 

WEIGHT AREA 
(TONS) (SQFT) 

30.2 270 
4.1 106 
4.8 112 
4.9 112 
16.8 216 
2.8 96 
67.7 356 
14.6 173 
33.4 332 
10.3 382 
14.4 216 
14.9 178 

Table 5.3: Representative Landing Craft 

TYPE LENGTH 
(FT) 

SR7M (Boat) 24 
LCM6 56 
LCM8 74 
LCVP 36 
LCAC 88 

WIDTH HEIGHT   WEIGHT-LUAUED 
(FT) (FT) (TONS) 

8             3 1250 
14            4 62 
21            5 115 
10            4 13.5 
47           10 149.5 

5.2.1 Amphibious Raid . ... 
The smallest operation which falls under the aegis of amphibious assault is the 

company-sized raid. This operation is designed to land a unit of approximately 100+ 
troops to conduct a small scale operation such as destruction of a key hostile 
fortification or to reconnoiter for future operations, etc. Key to success is stealth and 
surprise The assault element due to its size is unprepared for combat against large 
forces. It must enter hostile territory unobserved, if possible, or at a minimum, observed 
at the last possible moment such that hostile forces will be unable to be re-deployed 
aqainst them before the objective is accomplished. This type of operation lends itself to 
the use of a wingship such as Concept 1. The total payload requirement for this raid is 
approximately 45-50 tons including 5-6 HMMWVs for rapid ground transport ashore. 

The operation would be conducted using a single wingship deployed from a 
forward base. The wingship would operate directly to the assault AOA and land the 
assault force at the beach, or would deploy small landing craft capable of carrying the 
vehicles and troops ashore. The wingship would then depart from the beach and 
assume a sea-sitting position off-shore beyond range of shore-based weapons until it 
was time to extract the assault force. -    .   ..llho 

The primary advantage of this concept is the element of surprise afforded by the 
wingship  At its altitude it avoids land-based sensors, unlike ships which are detectable 
at similar ranges off-shore but which require significantly longer times to arrive at the 
AOA Also of significant benefit, due to the speed of the wingship, is the readiness of 



the force. Troops would not have spent long periods aboard ships transiting to the 
AOA. 

Table 5.4: MEB Surface Assault 
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Table 5.4: MEB Surface Assault (Cont.) 
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5.2.2 Large Scale Operations ,»„-,.,»,   ■ 
Amphibious assaults beyond the raid include battalion-level, MEU (Marine 

Expeditionary Unit) level, MEB (Marine Expeditionary Brigade) level, and MEF (Marine 
Expeditionary Force) level operations. In all cases large numbers of troops and heavy 
weaponry equipment are required. The wingship is amenable to each level but at the 
MEB and MEF sizes is not an optimal option for conducting the entire operation alone. 
Both of those operations require large numbers of heavy armor and equipment (An MEF 
is equal to three MEBs). .,.«.-, 

An MEB surface assault typically requires the use of as many as 21 LCACs, eacn 
of which operates for four cycles from ship to shore to deliver the entire force. Table 5.4 
depicts the loadouts of the LCACs for this operation. MEF operations increase the 
number of LCACs required as well as the number of cycles for each. In addition, a 
major assault conducted by either an MEB or an MEF would require air cover which 
would be provided by CV-based aircraft. 

The battalion sized assault and the MEU level, however, are amenable to the use 
of wingships  The battalion level includes 62 armored assault vehicles of various types. 
These are capable of transport by wingship, each AAV weighing approximately 30 tons, 
thus fitting both in terms of weight and volumetrically within the wingship payload 
envelope  Concepts 3,4, or 5 all provide a capability to conduct battalion operations in 
reasonable numbers (4 Concept 3, 3 Concept 4, or 2 Concept 5 wingships). The 
operational concept would require the requisite number of wingship to be loaded at the 
embarkation base (CONUS for Concept 5, forward for 3 or 4). The wingships would 
traverse the ocean at best speed consistent with payload/range conditions. They would 
touch down at the AOA and off-load the assault force at the beach, following which they 
would either return to base or would take a sea-sitting station off-shore as a back-up for 
the operation  The wingships thus could deliver the entire battalion and its equipment to 
the AOA in a timely fashion without a long in-water journey for the force. The assault 
could occur with minimal warning for the defenders ashore, thus increasing the 
likelihood of success and minimizing attrition among the assault troops. 

The next level of assault is the MEU, an operation requiring more troops that the 
battalion assault but more significantly, introducing tanks and other heavy armor to the 
equation. Again, the entire operation could be conducted using wingships, however the 
numbers would increase due to the tanks, and associated heavy equipment. This 
operation would utilize 7 Concept 3,6 Concept 4, or 4 Concept 5 wingships 

A variation to both the battalion and MEU-level assaults would be to deploy the 
force at sea using various landing craft similar to the LCM 6 and/or LCM 8. If these, or 
modernized versions, were to be used the numbers of wingships would be increased to 
compensate. The battalion assault could be conducted using 8 Concept 3,6 Concept 4 
or 3 Concept 5 wingships. The MEU could not use Concept 3 for tasks due to the LCM 
requirements. It would require 9 Concept 4 or 6 Concept 5 wingships. In all cases, 
detailed analyses of load factors and specialized equipment for delivering the assault 
vehicles to the sea need to be examined. 

Lastly as stated earlier, the sheer magnitude, of MEB and MEF assaults would 
require an inordinate number of wingships to conduct them exclusively without ship 
borne assets. The wingships, however, could be used to deliver the first elements 
ashore and to provide a means of continuing re-supply for the forces, both aboard ship 
and ashore. 



60 MULTI-MISSION OFFENSIVE/DEFENSIVE WEAPONS PLATFORM (MMODWP) 

6.1 DESCRIPTION OF CONCEPT .    .   . 
In this naval air application the wingship serves as a single, multi-mission 

platform. Referred to as the Multi-Mission Offensive/Defensive Weapons Platform 
(MMODWP), the wingship takes advantage of its large payload capability and unique 
operational environment to perform several traditional mission roles, carrying all 
necessary sensors, weapons and support crew. Such a platform could potentially 
perform a variety of missions within any warfare area, however, for this analysis the 
wingship is considered for application within the Strike Warfare (STW) and Anti-Air 
Warfare (AAW) areas. ,      .......        ^ t 

In light of the current U.S. military force downsizing there is a definite need to 
exploit the multi-mission capabilities of both current and future platforms. The ability to 
deploy a single platform capable of performing varied missions simultaneously and/or 
sequentially would adequately meet future national defense needs within a limited force 
structure. 

The large payload capability of the proposed wingship vehicle concept provides 
an ideal environment to simultaneously deploy a varied selection of mission systems. 

6.1.1 Strike Warfare Missions 
As stated in Table 4.1, Strike Warfare encompasses the destruction or 

neutralization of enemy targets ashore through the use of conventional or nuclear 
weapons  This includes operating bases from which an enemy is capable of conducting 
or supporting air, surface or subsurface operations against U.S., or allied forces. Use of 
the wingship within the Strike Warfare area involves performing ground surveillance to 
maintain the current tactical picture for friendly ground forces and simultaneously 
deploying weapons to destroy critical enemy targets. The primary requirement for 
wingship success in the STW role is to achieve effective line of sight within the enemy 
territory to detect and launch against a heavily defended ground target while remaining 
outside the threat response range. 

6.1.2 Anti-Air Warfare Missions 
Table 4 1 describes the Anti-Air Warfare mission as the destruction of enemy air 

platforms and airborne weapons, whether launched from air, surface, subsurface or land 
platforms. It comprises all the measures that are employed in achieving air superiority. 
The wingship as a Multi-Mission Offensive/Defensive Weapons Platform would provide 
missile defense for a small naval Surface Action Group (SAG). In this role the wingship 
would simultaneously perform ocean surveillance, forward pass of hostile threat tracks, 
and weapons deployment versus ingressing missiles to provide self defense and well as 
support of SAG defense operations. Wingship success in the AAW role requires 
effective line of sight and response time to deploy weapons against enemy air threats 
ingressing to the SAG. 

6.2 ADVANTAGES OF WINGSHIP AS MMODWP 

6.2.1 Allowable Payload (Tonvol-Mile/Hr) 
The fundamental advantages of a wingship platform stem from the benefits of 

exploiting aerodynamic ground effect at low flight altitudes. The primary performance 



advantage is increased range through efficient cruise operation and larger allowable 
payloads. , .. 

As a Multi-Mission Offensive/Defensive Weapons Platform, the large wmgship 
payloads provide the capability to employ multiple mission critical systems and the 
necessary support crew on a single platform while maintaining the vital operational 
range necessary for effective platform deployment. 

6.2.2 Sea Sitting Capability 
The large surface area of the wingship platform provides a stable, operational 

sea-sitting capability in high sea states not common among traditional air vehicle 
platforms This capability frees the wingship from carrier dependency, and allows for 
immediate landing over any body of water. This spontaneous landing capability is 
useful in the event of emergency flight situations and also allows for development of 
flexible mission profiles with mid-mission refueling performed by in-sea tankers. The 
sea-sitting mode also provides a method for increasing response time through use of 
prepositioned wingships near potentially hostile regions. 

6.2.3 Survivability H1_ ,     iU    ' 
Since the typical operational altitudes of the wingship are well below those of 

ordinary aircraft, the wingship exhibits a decreased susceptibility to certain threats which 
are not operational within the wingship IGE altitudes. For the Multi-Mission 
Offensive/Defensive Weapons Platform, certain ground and air threats are not effective 
when the wingship is operating at low altitudes. However, to effectively deploy the 
offensive and defensive weapons required in the STW and AAW missions requires 
some high altitude operations which can negate any wingship survivability benefits. 

6.3 SCENARIOS _, .   . . 
The FY 1994 -1999 Defense Planning Guidance document (reference e) 

provides a selection of illustrative planning scenarios for use in technical analysis of 
future naval concepts. Examination of the Major Regional Contingency - East (U) 
scenario indicated the typical aggressor threat forces and provided a situation summary 
applicable to this analysis. From this scenario, certain assumptions of both ground and 
air threats were developed to allow for hypothetical analysis of wingship effectiveness 
as a Multi-Mission Offensive/Defensive Weapons Platform. 

6.4 ANALYSIS OF MISSION EFFECTIVENESS 
In this section the wingship effectiveness is quantified when operated in the 

Strike and Anti-Air Warfare areas. In both cases the analysis is performed to evaluate 
the wingship capability to satisfy the appropriate success criteria. 

6.4.1 Strike Warfare Analysis «...      t ■ ^ 
As stated previously, the wingship success in STW requires effective line of sight 

within the enemy territory to detect and launch against a heavily defended ground target 
while remaining outside threat response range. The radar line of sight is a function of 
the radar altitude and target altitude making the wingship operational altitude the 
primary measure of effectiveness. 

The hypothetical STW scenario depicted in figure 6.1 is considered. This 
analysis assumes the wingship ground surveillance mission is to provide the complete 
ground tactical picture to friendly ground forces securing a forward line on an enemy 
beach front  The weapons deployment mission requires the wingship to avoid enemy 
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surface to air missile (SAM) sites while maintaining sufficient line of sight to detect and 
launch versus the enemy target. 

I 

SAM RANGE 

Ä 
WINGSHIP 

I 

W1NGSHIP LO.S. 

ASSUMPTIONS: 
. STANDOFF «STANCE - SAM RANGE 
• WIG DETECTION RANGE >- LO.S. 
• TARGET RANGE >- SAM RANGE 

Figure 6.1: MMODWP STW Analysis Scenario 

The STW scenario assumes the wingship standoff distance is driven by the maximum 
SAM launch range. The wingship radar detection range is assumed to be greater than 
the radar line of sight. Therefore, if the wingship can "see" the target the radar is 
assumed to detect it. The target is considered to be located behind the SAM defensive 
line at sea-level altitude. The SAM defensive line is located in a worst case position on 
the Forward Line Own Troops (FLOT) and assumed to be located at sea-level altitude. 

6.4.1.1 Strike Warfare Analysis Results .._,..,.    \, , • ,  A 
The results indicate that the wingship minimum effective altitude is directly linked 

to SAM threat type and performance. Wingship IGE effectiveness for both missions in 
this STW analysis is unsatisfactory compared to present platform capabilities. For 
detailed, quantitative results of this analysis refer to reference k, "Wingship Multi-Role 
Offensive/Defensive Weapons Platform Effectiveness" (U). 

6.4.2 Anti-Air Warfare Analysis 
As stated previously, the wingship success in AAW requires effective line of sight 

and response time to deploy weapons against ingressing enemy air threats. The 
available response time is dependent upon the distance at which the ingressing missile 
is first detected, thus prompting a need for an effective wingship line of sight. Again the 
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radar line of sight is a function of the radar altitude and target altitude, making the 
wingship operational altitude the primary measure of effectiveness. 

The hypothetical AAW scenario depicted in figure 6.2 is considered. This 
scenario assumes the wingship ocean surveillance mission is to provide the complete 
tactical picture to the SAG group and supporting platforms. The attack mission requires 
the wingship to detect the ingressing enemy missiles, acquire, launch and destroy prior 
to enemy intercept of friendly forces. 

WingShip 
Altitude 

Threat 
ASCMs 

Sea Level 

Figure 6.2: MMODWP AAW Analysis Scenario 



The initial analysis performed for the MMODWP AAW role involved examining 
the platform effectiveness as shown in figure 6.3. This initial stage of the analysis 
assumes the wingship is supporting the SAG against many ingressing enemy Air to 
Surface Cruise Missiles (ASCMs). The wingship provides necessary SAG defense 
support. Since the threat in this case involves many ASCMs, the SAG defenses are 
assumed to be fully saturated and the wingship will address any threat not handled by 
the SAG. The overall effectiveness of the wingship in this AAW case hinges upon the 
wingship line of sight providing enough advanced detection time to allow deployment of 
an air to air missile and intercept of an ASCM before that ASCM enters within the 
minimum SAG SAM intercept range. 

WingShip Supporting SAG Against Many ASCMs 

Figure 6.3: Initial AAW Analysis - Wingship Supporting SAG 

Extending the analysis performed above, the wingship was considered for use as an 
ASCM defense platform supplementing the SAG ASCM defense, depicted in figure 6.4. 
This case assumes the threat includes only a few ASCMs and the wingship provides 
complete threat defense for the SAG. In this case the wingship effectiveness depends 
on its capability to detect the ASCMs at such a distance that adequate response time 
exists to deploy an air to air missile and intercept the entire enemy threat beyond the 
SAG line of sight. This provides depth of fire previously unavailable to the SAG from its 
own defenses. 
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WingShip Supplementing SAG Against Few ASCMs 

FewASCMs 
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Figure 6.4: Extended AAW Analysis - Wingship Supplementing SAG 

6.4.2.1 Anti-Air Warfare Analysis Results ,..,...„ 
The analysis indicates that the wingship can potentially contribute to SAG 

defensive operations by providing improved depth of fire and superior surveiHance 
SpTbl^ effectiveness of the MMODWP in AAW is dependent upon 
wingship operational altitude. For detailed, quantitative results of this analysis refer to 
the reference k, "Wingship Multi-Role Offensive/Defensive Weapons Platform 
Effectiveness" (U). 

6.5 POTENTIAL WINGSHIP LOADOUTS 
The wingship has the capability to carry a diverse selection of sensor and 

weapons systems, making it a promising candidate for the multi-role environmerrt 
envisioned in the MMODWP. Potential payload loadouts include an array o future 
capability air to air and air to surface missile weapon systems. Table 6.1 lists a 
hypothetical projected payload breakout for the 800 ton wingship concept. It is 
KrtantTo realize that the data in the table is preliminary and could vary radically 
depending upon specific mission requirements, wingship performance variations and 
future sensor and weapon system developments. 
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Table 6.1: Wingship Concept 1 Payload Breakout 

Item Item Qty Total System WingShip Payload 

System Description Weight Weight Weight Available 
/ii   \ 

(kg) (lbs) (lbs) (lb) 

AGM84A Harpoon 530 1168 30 35053 284947 

A6M84E Slam 630 1389 30 41667 243280 

AGM65F Maverick 307 677 30 20304 222976 

AGM88 Harm 361 796 30 23876 199100 

AIM 120 AMRAAM 157 346 30 10384 188716 

AIM-7 Sparrow 230 507 30 15212 173504 

AIM-9R Sidewinder 87 192 30 5754 167750 

AIM-54C Phoenix 454 1001 30 30027 137724 

Flight Avionics 5000 1 5000 132724 

Surveillance Radar 8000 4 32000 100724 

Illuminator Radar 3000 3 9000 91724 

IRST & FLIR 400 5 2000 89724 

Laser Radar 625 5 3125 86599 

Navigation 1000 1 1000 85599 

Displays & Controls 10000 1 10000 75599 

Processing Equip. 
J-STARS 

2000 10 20000 55599 
55599 

S.A.R. 150 1 150 55449 

G.S.M.S 10000 1 10000 45449 

Crew 200 20 4000 41449 

Supplies 20000 1 20000 21449 

Misc. 20000 1 20000 1449 

It is clear from the payload analysis that the 800 ton, Concept 1 wingship could carry a 
wide array of sensors and weapons necessary to serve as a MMODW platform. The 
larger wingship concepts provide substantial payload capability with extensive room for 
growth  While the payload capabilities of the wingship concepts do not appear to limit 
its application as a MMODW platform, the potential degradation in maneuverability 
should be considered. The present analysis does not include consideration of wingship 
maneuverability. As the concepts are further defined, follow-on analysis should address 
this issue. 

6.6 NEARLY SIMULTANEOUS/SEQUENTIAL OPERATIONS 
Since the Multi-Mission Offensive/Defensive Weapons Platform is inherently 

capable of performing multiple missions it is well suited to supporting nearly 
simultaneous/sequential operations. The simultaneous mission functions have been 
addressed in the STW and AAW analyses discussed above. For both warfare areas the 
winqship performed surveillance and attack/missile defense missions simultaneously. 

Sequential operations implies the ability to effectively employ a platform in two 
separate, distinct hostile regions, generally within the same contingency area. 
Application of the Multi-Mission Offensive/Defensive Weapons Platform for sequential 
operations requires investigation of potential wingship endurance and operational 
ranges. The sequential operations assumes the wingship will operate in the STW role 
in a given hostile environment, supporting operations of friendly ground forces. 



Following the STW operation the wingship will immediately transition to an AAW role in 
a separate hostile environment without refueling or basing. The current wingship 
performance data is inadequate to effectively estimate potential endurance. 
Quantitative analysis of the MMODWP in sequential operations will require enhanced 
definition of the wingship capabilities. 

6.7 CURRENT SYSTEMS _     .    /r>x     .    lA, 
The advantage of the wingship as a Multi-Mission Offensive/Defensive Weapons 

platform is its ability to perform simultaneous/sequential missions normally fulfilled by 
multiple aircraft. Those aircraft are thus free to concentrate on other missions, further 
supporting the need for nearly simultaneous/sequential operations. 

Examination of current operational Naval platforms provides an indication of 
present day single role platform capabilities. The current Navy platforms which perform 
the missions proposed for the MMODWP include; 

F-14 Tomcat: 
F/A -18 Hornet: 
A-6E Intruder: 
P-3 Orion: 

Air-Air Superiority 
Fighter/Attack 
Attack 
Maritime Patrol 

6.8 MULTI-ROLE VS. SINGLE-ROLE PLATFORM COMPARISONS 
Qualitative comparison of the wingship as a multi-role platform with a present day 

single role platform indicates the potential enhancements and shortfalls of this 
technology. 

Table 6.2: Multi-Role vs. Single Role Platform 

WINGSHIP CONCEPT 
MULTI-ROLE PLATFORM 

Not dependent on basing 

Potentially large coverage 
capability (endurance) 
Greater variety sensors/weapons 
(large volume) 
Less vulnerable (low flight altitude, 
defensive weapons capability) 
Simultaneous mission capable 

CONVENTIONAL AIRCRAFT 
SINGLE-ROLE PLATFORM 

Require adequate land basing or 
carrier support 
Refueling more feasible, provides 
competitive endurance 
Aircraft volume/payload restricted 

Travel to other areas with full 
complement (NS - Fuel Efficiency) 
Altitude limited 

Single platform operation 

Less capable of defensive weapons 
due to volume/payload restrictions 
Lacks simultaneous capability 
Typically single scenario limited 

Greater altitude capability - 
designed for OGE operation 
Multiple platform operations 

6.9 OBSERVATIONS ,_ 4.      . 
Success of the wingship in this mission depends primarily on the maximum operational 
altitude and time at altitude capabilities of the vehicle. Aircraft design personnel 
expressed concern that the particular concepts used as design points are derivatives of 
Russian WIG designs which were not intended to fly at altitude. Issues such as 



pressurization, buffet boundaries and maneuverability were raised. New designs must 
be considered with the effect on volumetric capacity, sea-sitting capabilities and 
survivability examined. 



70 CONCLUSIONS         xu. 
This top level examination of potential alternative military missions for wingships 

revealed the following: 

• A major military application for future large wingships might be in amphibious 
assault: remote troop delivery or assault platform roles. Major benefits of the 
former include the delivery of fresh and currently trained troops to pre- 
positioned cargo-loaded assault platforms. Multiple situations could be better 
addressed in this mode. As an amphibious assault base, a wingship could 
also conduct direct assault operations of a raid, battalion or unit level. The 
platform could provide for a direct step-off at the beach or deploy landing craft 
/ helos at sea. The sheer magnitude of MEB / MEF operations would require 
an inordinate number of wingships to conduct exclusive operations without 
combining with ship borne assets. Timing and flexibility are key elements in 
the recommendation of wingship utilization in the amphibious roles. 

• For airborne missions (as opposed to cargo / troop movement) significant 
portions of the mission are required to be flown at altitudes ranging from 10 to 
30 K ft., sometimes just "popping up" and sometimes loitering for hours. 
These requirements would most certainly reduce the perceived benefits of the 
"design point" wingship concepts (endurance / payload). 

In the case of the multi-role wingship concept, STW role, the limited minimum 
effective altitude is directly linked to SAM threat type and performance. The 
concept's effectiveness is limited compared to current platform capabilities. In 
the AAW role, the wingship can potentially contribute to SAG defense 
operations by providing improved depth of fire and surveillance capabilities 
but success is dependent on wingship operational capabilities. 

In order to quantitatively assess the value of the concept in these roles, it is 
critical that the analysts have a better (more realistic) handle on wingship 
OGE performance. The CNO Advanced Naval Vehicles Concepts Evaluation 
Project, conducted in the late 70's (reference f), concluded that a WIG 
concept which spends more than "occasional" time OGE would be better 
served designed as a seaplane or pure aircraft. Later design studies have 
shown that hybrid WIGs may also provide a solution. 

• A primary characteristic of the wingship is its restriction to water takeoffs and 
landings and its ability to sea-sit. This capability combined with the low draft 
and in-water maneuverability of the platform, bodes well in a potential future 
of airfield or harbor denial. However this benefit must somehow be compared 
to the cost of not being able to transport and land with payloads inland (i.e. 
USMC deployment transport / refueling mission). This, once again, points to 
the need to examine seaplanes / hybrids / amphibians as alternative to pure 
wingships. 



Many analysts suggested that a smaller wingship might be a better fit in their 
mission areas. However, all design information points to a significant 
lessening in beneficial value as the overall size of the concept decreases: 

- less endurance (less payload) 
- decreased IGE flight capability (lower maximum sea state) 
- reduced seasitting capability 

A critical examination of the value of the concepts' response to a decreased- 
warning-time situation is not only important for the heavy lift mission role but 
also for alternative military applications. This would be in accordance with the 
crisis response element of the regional defense strategy. 

The results of the overall assessment shows potential for large wingship 
concepts in roles which are mostly "transport oriented". These include 
amphibious assault transport, at-sea replenishment /force sustainment and 
mine warfare (could be combined with amphibious assault). Wingship 
designs for this analysis cannot be considered for airborne (OGE) roles until 
agreed-upon performance information is made available. 
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EXECUTIVE SUMMARY 

PURPOSE AND SCOPE 

The Wingship is a wing-in-ground surface effect vessel proposed by its developer, 
Aerocon, Incorporated. It is capable of high speed, heavy-lift, transoceanic flight and can 
potentially fill future strategic transport requirements for rapid force projection into crises 
around the world. Congress has mandated that a mission analysis effort be conducted »explore 
the potential of Wingship technology. DOD's Advanced Research Projects Agency (ARPA) ha. 
been tasked with conducting the overall mission analysis effort, which encompasses three 
specific areas: cost analysis, deployability analysis, and other military applications  The 
Carderock Division, Naval Surface Warfare Center (CD, NSWC), as coordinator of the m.ssion 
analysis effort for ARPA, has requested MTMCTEA examine the value of the Wingship as a 
strategic transport asset for deployment of Army forces in selected joint scenarios. 

The main objective of the deployability analysis is to compare force closure time and 
defense transportation asset requirements associated with the movement of various Army units 
on different transport assets. This analysis examines intertheater movement of five contrasting 
notional Army forces using four different transport asset mixes: current transport assets, 
transport assets expected to be fielded in the year 2005, and two separate designs of the 
Wingship 1725-ton payload design by Aerocon Inc., and a 900-ton payload design by Northrop 
Corporation. When determining force closure times, we first looked at the most cost effective 
force closure using the minimum number of allocated resources to attain closure within a 
realistic latest arrival date (LAD) at the air or sea port of debarkation. We then looked at the 
best case force closure using an optimum number of allocated resources to attain closure within 
accelerated latest arrival dates at the air or sea port of debarkation. These force closure times 
were then compared to determine the viability of the Wingship as a future strategic transport 

asset. 

FINDINGS 

1. One Aerocon Wingship can move an equal amount of Army unit equipment as 15 to 20 
C-5 aircraft. One Northrop Wingship can move the same equipment as 6 to 9 C-5s or 9 to 12 C- 
17s. Cruising at 400 knots, either Wingship can travel as quickly as strategic aircraft. 

2  Only 9 Aerocon Wingships or 28 Northrop Wingships are required to transport an 
equal amount of unit equipment as one large medium-speed RORO (LMSR) ship. Since the 
Wingship cruise speed is nearly 17 times faster than the LMSR, one Aerocon Wingship is about 
twice as productive, over time, as one LMSR. One Northrop Wingship is about 60 percent as 
productive as one LMSR. 



TABLE EX-1 
WINGSHIP FORCE CLOSURE COMPARISON 

FOR FIVE SCENARIOS 

MÄiÄi 
fBfi^"'^;<T-Ap-c»30) 

Mofl Economical 
Two Division Force 
§ymjULADi£±2JD i 
pestGase, : 
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C+27 
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C+I2(63) 
C+30 (23) 

C+09 

C+16 

C+06 

C+5 (65) 
C+I9(I3) 

,\NortIirop 
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C+01 (16) 
C+08 (2) 

C+02(3I) 
C+I9(4) 

C+02(I2) 
C+08 (3) 

C+17(102) 
C+29(59) 

C+I0(I09) 
C+19(40) 

C+OI (36) 
C+09 (3) 

C+02 (82) 
C+20 (I I) 

C+02 (31) 
C+10(8) 

3   Table EX-1 summarizes force closure comparisons for five scenarios, clearly 
illustrating the enormous potential capability of the Wingship. Closure times shown represent 
the time required for strategic delivery of Army forces (sustainment is not included). Best case 
closure times represent the earliest closure time for each force when fully utilizing all allocated 
transport resources of a particular asset mix. Most economical closure times represent the most 
cost effective use of allocated resources while still attempting to meet latest arrival dates. 

a   Deployment of a small corps (3 combat divisions and a light armored cavalry 
regiment) to SWA by the latest arrival date (LAD) of C+30 can be accomplished by 23 
Aerocon Wingships or 59 Northrop Wingships. A fleet of 63 Aerocon Wingsh.ps could 
deliver the corps by C+12 (less than one-third the time of current assets). 



b Deployment of a two-division force (airborne and mechanized) to NEA by the 
LAD of C+20 can be accomplished by 13 Aerocon Wingships or 40 Northrop Wingships. 
A fleet of 65 Aerocon Wingships could deliver this force by C+05. 

c Deployment of a separate mechanized brigade to the Caribbean by the LAD of 
C+10 can be accomplished by 2 Aerocon Wingships or 3 Northrop Wingships. A fleet of 
16 Aerocon Wingships or 36 Northrop Wingships could deliver the brigade by C+01. 

d   Deployment of TRADOCs conceptual" 10K" early entry force to SWA by the 
LAD of C+20 can be accomplished by 4 Aerocon Wingships or 11 Northrop Wingships. 
A fleet of 31 Aerocon Wingships could deliver this force by C+02. 

e   Deployment of TRADOCs conceptual "2K" early entry force to SWA by the 
LAD of C+10 can be accomplished by 3 Aerocon Wingships or 8 Northrop Wingships. A 
fleet of only 12 Aerocon Wingships or 31 Northrop Wingships could deliver this force by 

C+02. 

4 The Wingships tend to fill the cargo "square-foot" capacity sooner than the STON 
cargo capacity is utilized. Average payload ranged from 54 to 99 percent of capacity for the 
Aerocon Wingship and 40 to 84 percent of capacity for the Northrop Wingship. 

5 The troop capacity for the large Wingship is much too high at 2,000. The highest 
average passenger count for the 1725-ton Wingship was 465 per Wingship when loading the 2K 
force. This results in a large amount of wasted troop space that could be better utilized if 
converted to cargo space. 

RECOMMENDATIONS 

1. Based on the enormous potential value the Wingship can add to the capability of the 
DTS, it is highly recommended that the Wingship project proceed to the next phase and that 
further, more detailed analysis be conducted on this very capable transport design. 

2. An increase in cargo "square foot" capacity will increase average payload for the 
Aerocon Wingship and may result in decreasing Wingship sortie requirements, further 
improving force closure times for the five forces. This might be best achieved by reducing the 
troop capacity of the Aerocon design from 2,000 to 500 and converting the saved space into 
additional cargo deck space. 



I. INTRODUCTION 

As the 20th century comes to an end, it has become apparent that our current fleet of 
strategic air transports, the C-5 and especially the C-141, are fast approach.ng the end of their 
service lives  The C-17, seen as the replacement for the C-141, has experienced problems wh.ch 
may result in a reduction of the total procurement to as few as 40 aircraft. Also, as shown 
during Operation Desert Shield, our defense transportation sealift assets are incapable, in some 
possible scenarios, of delivering a credible-sized force rapidly enough to deter aggression of a 
sizable enemy threat. Our military strategy has evolved from combating a single predictable 
Soviet threat to deterring various emerging regional threats requiring the capability to rapidly 
deploy sizable, lethal forces to counter these emerging threats in all corners of the world.   I n.s is 
becoming increasingly more difficult as our defense transportation system's air assets become 

less capable. 

One possible long-term solution to our increasing inability to quickly react to military 
crises around the world is the Wingship. Initial development of the W.ngshtp in the United 
States has been led by Aerocon Incorporated of Arlington Virgin.a. As envisioned by its 
preliminary design, the Wingship is a huge, 5,000-ton aircraft capable of carrying a payload ot 
1 725 short tons, traveling at 400 knots and with a range of up to 10,000 naut.cal miles. The 
Wingship's cruising altitude is between 20 to 100 feet above the sea. The Wingship exploits 
surface effect aerodynamics allowing its high speed, heavy-lift transoceanic capability. 

MTMCTEA assistance was requested by DOD's Advanced Research Projects Agency to 
examine the value of the Wingship as a strategic transport asset for deployment of Army forces 
in selected joint scenarios. Our assistance and analysis effort supports a mission analysis team 
initiative coordinated by the Carderock Division, Naval Surface Warfare Center (NSWC) to 
determine if there is a military mission that can best be filled by the Wingship. In addition to the 
Aerocon design, a second, smaller Wingship design, developed by the Northrop Corporation, 
will also be analyzed as part of this study. 

MTMCTEA conducted deployability analysis to compare force closure time and defense 
transportation asset requirements associated with the movement of various Army units on 
different transport assets. This analysis examines intertheater movement of five contrasting 
notional Army forces commencing at notional sea/airports of embarkation (S/APOEs) and 
ending at notional sea/airports of debarkation (S/APODs). These five forces are: 

A.        A notional corps consisting of three divisions, an ACR, and various corps support 

units. 
B. 
C. 
D. 

A two division force consisting of a mechanized division and an airborne division. 

A separate mechanized brigade. 
The Army Training and Doctrine Command's (TRADOC) conceptual early- entry 

10K force, and 
TRADOC's conceptual early-entry 2K force. 



II. METHODOLOGY 

A. GENERAL 

TEA possesses an extensive collection of origin-to-destination databases and 
analytical tools to conduct deployability analysis. This capability descnbes a 1 cornponents 
of the origin-to-destination intermodal defense transportation system (DTS), including 
^se transport assets: C-141, C-17 and C-5 aircraft, fast sealift ships, large medium-speed 
RSRO ship's and other airlift and sealift. TEA utilized a number o these analytical ools 
and databases, defined in the following paragraphs, to conduct deployability analysis for 

this Wingship study. 

B. TARGET 

MTMCTEA's Transportability Analysis Reports Generator (TARGET) unit 
deployability model provides an automated way to merge unit equipment authorization 
dafa from TRADOCs Table of Organization and Equipment (TOE) Master File with he 
equipment item data from the Army Forces Command's Equipment Characteristics File 
mCFr The TARGET programs, written and designed by MTMCTEA, can determine the 
unit deployment data required for strategic mobility planning. MTMCTEA analysts used 
TARGET to generate unit deployment data (personnel strength , vehicle quantity square 
feet, short tons), and air sortie requirements for the five separate forces. We modeled the 
Wingship as an "aircraft" in TARGET to determine the number of W.ngsh.ps required to 
transport Army forces. Unit deployment data provided by TARGET was also used to 
determine sealift requirements for the same five forces. 

C. CODES 

The Computerized Deployment System (CODES) is the Army's automated ship-*°w 
planning system to improve the accuracy and speed of ship-stow planning. We modeled 
the Wingship as a "ship" in CODES to analyze and illustrate how Army cargo would be 
loaded in it   CODES automated ship-loading programs require various data files prior to 
beginning the system. Once the particular ship to be loaded has been identified a master 
ship disk containing ship's deck drawings, characteristics data and trim and stability 
programming is loaded into CODES. Another file uploaded into the system is the cargo 
list and cargo characteristics of the unit equipment to be loaded. Other factors such as 
levels of ballast and amount of consumable liquids in the ships tanks are also required for 
accuracy. Once all data requirements have been supplied, CODES calculates the stow 

plan of the particular ship. 



At the end of this process, CODES has selected a stow location (compartment) for 
each piece of equipment. At this point, the CODES graphic capability can be used to plan 
precise stow of each deck. This is accomplished by placing a template or .con of each 
piece of equipment, destined for a particular compartment, onto a template of the deck of 
that compartment on the computer screen until all pieces of equipment have been 
"stowed". These deck templates can then be plotted on paper as deck drawings and used 

for actual ship loading. 

D. JFAST 

The Joint Flow and Analysis System for Transportation (JFAST) is an automated 
system developed for the US Transportation Command for use in strateg.c deployment 
planning   We used JFAST to predict changes in force closure time for Army units 
resulting from employment of the Wingship. JFAST is used to allocate available strategic 
lift assets to the movement requirements specified in a particular Time-Phased Force and 
Deployment Data (TPFDD) plan and creates shipments by air some and seal.ft. ^A*[ 
schedules movements based on the most cost effective mode of transportation (..eseahh 
vice aircraft) as long as it can deliver cargo before the latest arrival date (LAD). JhAS I 
then estimates shipment arrival dates to the theater air and sea ports of debarkation 
(A/SPOD) based on lift capabilities. The system provides force closure profiles to the 
A/SPODs that are based on the detailed capabilities and constraints of strategic movement 

assets and theater infrastructure. 



III. ANALYSIS 

A. WINGSHIP CHARACTERISTICS 

TEA used two different Wingship designs with a total of three different payload 
capacities during the course of our analysis. The larger Wingship is the Aerocon DASH 
1 6 design  The DASH 1.6 is a 566 foot long Wingship which has a total gross weight of 
5 000 short tons. The smaller Wingship is the Northrop design which has a total gross 
weicht of 3,000 short tons. This design will be analyzed with two different cargo 
capacities (600 and 900 short tons) which vary due to differences in the fuel capacity of 
each   The larger fuel capacity of the design with the smaller cargo capacity allows for a 
more than double operational range capability. Table 1 lists the d.mens.ons, payload 

capability, and ranges for each Wingship analyzed. 

TABLE 1 
WINGSHIP DESIGN CHARACTERISTICS 

Aerocon BASH 1.6 
Northrop , 
iisihicpi 

Capacity STON 
1,725 

900 
600 

Cap«eit> (SqFt) 
34,881 
12,851 
9,642 

:   Mission; 
Range {KM) 

8,000 

2,050 
4,600 

Passenger 
- Capadtvj 

2,000 

300 

300 

Cruising 

400 

400 

400 

The Aerocon DASH 1.6 design's cargo decks are illustrated in figures 
two different views of the decks loaded with various unit equipment. 

and 2 showing 

B. FORCE DESIGN AND DEPLOYMENT DATA SUMMARIES 

1. Force Design 

The forces used throughout our analysis were obtained from various sources. 

a  Notional Corps. The corps was tailored from an existing notional corps developed 
by the TRADOC Analysis Center (TRAC) for campaign analysis in a SWA scenario. 
Appendix A lists all combat, combat support (CS), and combat service support (CSS) units 
in the notional corps and their unit deployment data. It includes three combat divisions and 
an ACR, which is somewhat smaller than the contingency corps of 5 and 1/3 divisions 
which has a 75-day deployment goal under the Army Strategic Mobility Program (ASMP). 
The non-divisional (CS and CSS) forces in this corps are only about 50 percent the size or 
the combat divisions, which is much smaller than the 200 percent seen in some plans and 

studies. 
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b   Twn Division Force. The two division force containing a mechanized division and 

an airborne division was tailored from existing units in the October 1993 TRADOC TOE. 
Appendix B lists all units contained in these two divisions and their unit deployment data. 

c gT*r^ Mechanized Brigade. The separate mechanized brigade was taken directly 
from the October 1993 TRADOC TOE. Appendix C lists all units contained in th.s brigade 

and their unit deployment data. 

d   1 OK Force  The 10K force was taken from MTMCTEA Report BL 93-2, 10K Force 
rvplnvnhilitv Analysis, published in August 1993 by TEAs Battle Lab Team. The lOK 
force designed by TRADOC, is a tailored future early-entry force about the size (in b I UN) 
of an'airborne (air assault) division with some modifications and enhancements. Appendix 
D lists all units contained in the 1 OK force and their unit deployment data. 

e   2K Force   The 2K force was taken from MTMCTEA Report BL 93-1, UghxEarly 

F.ntrv Deep Strike (\ .F.F.DS) Decidability Analysis, published in September 1993 by 
TEAs Battle Lab Team. The LEEDS force, designed by TRADOC, is a tailored early-entry 
force about one-half the size (in STON) of an infantry (airborne) division. Append.x E lists 
all units contained in the 2K force and their unit deployment data. 

7   Deployment Data 

Table 2 shows the force deployment data totals generated by TARGET for each of 
the five forces used in this analysis. A standard combat load consisting of accompanying 
supplies and ammunition has been included with each force's totals (1 day of supply for 
class V- 5 days of supply for classes 1, IV, and VI; and 15 days of supply for classes 11, 111, 
VIII, and IX materials). For purposes of this study, sustainment requirements were not 
included in force deployment data. 

TABLE 2 
FORCE DEPLOYMENT DATA SUMMARY 

National i 

;.,;. Personnel Equipment 
m**e* Siwnerii;  -    Total SaFt 

■^^^w .'.'.,.!....' '.'..■..■...'  

iVleSh^Airboröe 
Divisions 

i§i:  

Totional 

Notional 
2K Force 

MM U .,1.111'MJ.-JJ.".'.'.^.'.-^ 

75,328 

30,915 

4,345 

11,218 

5,472 

Equipment 
tl^tafSTÖW 

5,943,701 

2,277,618 

351,704 

798,813 

331,781 

367,225 

131,920 

26,567 

31,776 

1,347 

Equipment 
TotalMTON 

1,139,824 

414,033 

69,900 

143,311 

50,664 
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C. SCENARIOS 

1.  Rftpirmal Conflicts 

In order to conduct a complete and realistic comparison of the effectiveness of the 
Wingshtpa^ a s rXttranspor, ass«, it was necessary to simulate »<^™' 
wiußöinp a* t, r mndel usinc various scenarios,  inisstuay nf five contrastine Army units m the Jr Ab 1 moociusHibvaiiuuo 
«[m^ swegic deployment of five notional Army forces wthm «he followmg 

respective scenarios: 

a. Deployment of a corps size force to Southwest Asia in a high-intensity conflict. 

b. Deployment of a two division size force to Northeast Asia in a mid-intensity 

conflict. 

c. Deployment of a heavy brigade to the Caribbean in a low-intensity conflict. 

d. Deployment of the Army's conceptual early entry follow-on " I OK" force to 
Southwest Asia in a mid-intensity conflict. 

e. Deployment of the Army's conceptual early entry "2K" division ready brigade to 
Southwest Asia in a mid-intensity conflict. 

9   TFAST Requirements 

The primary "requirements file" input to JFAST is called the time-phased force and 
deploy^nS(?PFDD)orlist(TPFDL). We used JFASTs "notional re^remen, 
operator" to develop unclassified TPFDDs for each of the scenarios. JFAST TPFDD 
ferments included combat support, combat service support sustamment „d 
ammunition requirements for each scenario. As in all actual deployments JFAST hmits 
dumber of transport assets allocated to each service in a simulated deployment based 
on required delivery dates in the TPFDD and available transport assets. 

D. TRANSPORTATION FACTORS AND ASSUMPTIONS 

As directed by NSWC, the intent of this analysis is to give the Wingship concept a 
very opttdc xalation to understand its full potential In keeping w.th th.s .mention 
So simplify the analysis, the following assumptions and factors will be used. 

1   Wingship RQRO parting rates: 

a. 2,218 SQFT per hour. 
b. 12 pieces per hour. 
c. 175 STON per hour. 



9   Winpship Load/Discharge Times: 

a. 1.725T payload - 12 hour load/5 hour discharge times. 
b. 900T payload - 6 hour load/4 hour discharge times. 
c. 600T payload - 5 hour load/3 hour discharge times. 

3. Operational Assumptions: 

a. All loading/discharge operations will be straight stern Roll-on/Roll-off. 
b. Vessels are Mediterranean moored (stern to pier) at berth. 
c. No special materials handling equipment is required, 
d There are no port entry restrictions. 
e. Hydrostatic, trim and stability, and center of gravity conditions are not 

considered, 
f  A 75 % stow factor will be used to load the Wingship. 
g. Vessels do not refuel at the SPOD while discharging cargo but make a refueling 

stop on the return trip to the SPOE. 
h. Three hours are required for refueling. 
i. Vessels follow standard sailing routes (Military Seal.ft Command  Sail   Model). 
j   No delays or lost time are experienced at canals. 
k. Berth length requirements: 370 feet including clearance between Wingsh.ps. 
1   The Wingship is in a ready status near its SPOE. 
m   Weather conditions do not effect operation or routing of the Wingship. 
n   Near perfect reliability and maintainability are displayed by the Wingship. 
o. Adequate warning time is provided to. allow loading of forces to commence at 

the SPOE on C day. 
p   No threat of any kind exists along the mission route of the Wingship. 
q. Necessary ramps and adequate cargo hatches are onboard without any weight or 

area penalty, 
r. Adequate port berthing is available to allow continuous loading/unloading of 

cargo on/from all sealift, including the Wingship 

E. DEPLOYMENT ANALYSIS 

1. General 

Our study will encompass three specific areas of analysis to determine the 
effectiveness of the Wingship when employed as a strategic transport asset. First, CODES 
was utilized to determine the feasibility of stowing various unit equipment on the cargo 
decks as designed. Second, we simulated loading of each force on the various DTS 
transport assets, including the Wingship, using the TARGET air loading model. We then 
compared sortie requirements of the various air and sea transport assets with sortie 
requirements of the three Wingship configurations. 
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Finally, we used JFAST to simulate internster «^^ 
future mixes of DTS transports to determine base ^^^^ times with and 
the Wingship to the mix of future DTS transports to compare force closure urn 

without the Wingship. 

2. Air Sortie F*».qnirements 

Air sonic retirements .0 deploy each ^ ^«ta.*£—^wT 
calculated using the air load model subsystem, of TARGETr    me   q 

allow for accurate loading of aircraft in JFAST   tx.stmg ™     J 
analysis are listed at table 3 with the corresponding payload capac.ty, range, 

projected (2005) inventory of each. 

TABLE 3 
EXISTING TRANSPORT AIRCRAFT CHARACTERISTICS 

ggyg» mmiäMmmm capacity <sqFt>; 
Aircraft^ 

:x;Rangr:;:" 

Passenger 
Capacity 

Current/2005 
-Inventory: ,, 

a   Cargoidrcrafi. Table 4 shows air sortie requirements .0 deploy .he five^fferen, 

forces u^ous air transport assets. Table 4 also shows ™^™^!™Ll 
each of thelansport options. As this .able M^™^^^^™^ 
an equal amount of a notional corps' untt equtpmen. ^^^o light forces; 16 

^rls areUer when ^^^^^^^^ ^ 
900-ton Wingship and 4.5 to 6.5 C-5s to    600 ton wings  p, h 
when comparing the C-17 with the large Wingship 25 C-17s c 1 W ngsh.p ^ 

notional corps, the two division force or the 10K ^^^°    ^   P 

Mech brigade, and 23 C-17s to 1 Wingship to move the 2K force. 



An analysis of average payloads reveals the C-141, C-17 and C-5 have a much h.gher 
payload capacity (STON) utilization rate than the Wingships. The C-141 averaged between 
94 and 100 percent utilization of its cargo payload capacity, the C-17 averaged between 66 
and 90 percent cargo capacity utilization, and the C-5 averaged between 84 and 98 percent. 
The 600-ton Wingship averaged between 51 and 83 percent cargo capacity utilization the 
900-ton Winghship averaged between 44 and 72 percent cargo capacity utilization and the 
1725-ton Wingship averaged between 59 and 88 percent. The Wingships tend to till the cargo 
"square-foot" capacity much sooner than the STON cargo capacity is utilized. 

The troop capacity for the large Wingship is much too high at 2,000. The highest 
average passenger count for the 1725-ton Wingship was 465 per Wingship when loading the 
2K force  This results in a large amount of wasted troop space that could be better utilized if 

converted to cargo space. 

TABLE 4 
STRATEGIC AIR TRANSPORT SORTIE REQUIREMENTS 

ite*;-Forces    « 
C-141/C-5 

Mix C-llQfAy c-sooi? 
600 TON 9Ö0TON 

Wing&hip 
1725 TON 
Wirtgshto 

National Cöq*     * * 
7,863/2,410 

25/74 
6,554 

54 
5,236 

72 
801 
472 

596 
635 

258 
1,467 

iWctlt/Äirbörne J)iv*. 
2,902/878 

24/74 
2,473 

56 
1,937 

71 
311 
439 

240 
569 

97 
1,408 

*Sä»fr*feltf«cii Bgde: 

480/215 
24/75 

402 
58 

247 
74 

55 
496 

42 
648 

18 
1,512 

J\ÖHOntu iviv r-uru. 
' ^          sorties 

ava toad {STON)» 

1,221/52 
24/74 

111 
43 

499 
68 

102 
328 

82 
408 

31 
1,080 

Ntöon*12K Fores. 
•„••'•-,       -= sorties  -• 
-avgJoad (STOK> 

467/12 
24/74 

111 
45 

181 
63 

40 
304 

31 
393 

12 
1,014 
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b  PassengerAircmft  During national emergencies and major regional contingencies as 
b. Passenger /vircrau  i^u    g pxnanded civil augmentation of military airlift 

was experienced in Operation Desert Shield «P^t^      ^ Reserve Mr Fleet 
may be required. This augmentation is filled by aircraft m the U requirements 

ÄoLnsor^^^ 
additional weight capacity remaining. Table 5 shows; CKAh so I 
residual personnel. These sorties must be added to *osem table 418« 
picture of total sortie requirements to deploy the various fore«. The average pas    = 

capability of the CRAF aircraft utilized in this analysis is 274. 

TABLE 5 
CRAF PASSENGER TRANSPORT SORTIE REQUIREMENTS 

C14l/C-SM«x 
181 

-    C-o i»"y  
70 

c  Stow Factor Revision. As previously discussed, TARGET does not use a set 

stow fa.or Simulate equipment loading on aircraft ^^^JZ i^ 
secure each piece of equipment to the deck of «he aircraft and „ake«a'»"»^ ^ 
Vlear" sDace  In order to conform.with the assumptions provided, table o snows 

TZ t   JheSTON cargo payload utilization rates than was shown using TARGET 

loading the two smaller Wingship configurations. This results inlower     y 

3 :bfo^=c^Ä Ägg 
requirements for the C-5 and C-17. Average payloads remain well below W.nbsh.P 

capacities in all cases. 
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TABLE 6 
WINGSHIP SORTIE REQUIREMENTS 

(75 % STOW FACTOR) 

AS 

IMeeh/Airborne 
«Divisions -^ -:- ^- -: 
^Separate Mech 
Brigade  
^Notional   1 
10K Force 

«Notional 
&K Force : 

822/461 STON 

315/434 

48/567 

110/304 

46/265 

617/614 STON 

236/579 

36/756 

83/402 

34/358 

227/1668 STON 

90/1518 

16/1701 

31/1079 

13/936 

3. Shipping Requirements 

Sealift requirements were calculated by dividing the available square feet of 
stowage area (after stow factor) of each type ship into the total square feet of each force's 
unit equipment to determine the total number of ships required to deploy a particular force. 
Sea transport assets used in this analysis, including the 1725-ton Wingship, are listed in 
table 7 with their corresponding cargo capacity and vessel characteristics. A comparison 
of sealift requirements to deploy each of the forces in this study using the various types of 
ships, including the 1725-ton Wingship, are shown at table 8. The Wingship requirements 
shown here are identical to those shown in table 6 (calculated using 75% stow factor). As 
illustrated by this comparison, it requires approximately five Wingships to transport an 
equal amount of each force's unit equipment as one notional Roll-on/Roll-off (RORO) 

ship. 



TABLE 7 
SEA TRANSPORT ASSET CHARACTERISTICS 

|t! Ship . . 

won > Inventory3 

8§* :*s;~ sssss;® 

liplgyf*: 



TABLE 8 
SEALIFT TRANSPORT REQUIREMENTS 

FSsCsl LMSR2 
>Noti<mal v 

BreikiuJk^ :Wtnsiiiip^Y* 

40 25 49 123 227 

Division 14 10 19 49 90 

Scjwraf« Mach 
2.3 1.4 3 8 16 

Notional 
lOK Force 5 3.3 7 17 31 

Noüottal 
2.2 1.4 3 7  "  

lÖÄ^t^sSiiftShlps (FSS)*xeiv service, these ships will be r*M approrfniatcl^öO^ 

«i™.:     ••:,::••        -      - ~---      ••"       -. ~--—■■■■■■.. ' '   "                                                               " 

4. Winpship Stow Planning (CODES) 

The Army's Computerized Deployment System (CODES) was used to simulate 
loading of selected forces on the Wingship. Our purpose in using CODES for stow 
planning was to validate the accuracy of Wingship air sortie requirements generated by 
TARGET  We also desired to illustrate how a heavy force might be stowed on each ot the 
Wingship configurations to ensure the feasibility of stowing various un.t equipment. 
Using the cargo deck dimensions, payload capacities, and other characteristic data 
provided by the two developers, each Wingship was built into the CODES model. We 
then chose two forces, the separate mechanized brigade and a tank battalion, to conduct 
our stow planning analysis. Due to time constraints, trim and stabihty (center of gravity) 
data was not used during CODES loading of the Wingships. If follow-on analysis is 
required, given ample time, this capability can be included. 
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a Mechanized Brigade. First we loaded unit equipment of the separate mechanized 
brigade on «he Aerooon he. Wingship design (1725-ton payload)   A»»taF-™ 
tenfplate drawings showing ae.ua, ^^^^Zn^X^^l 
of the Wingships required to deploy this ^»T!™'"1";. P, 
brigade's unit equipment, as compared to the 18 required by TARGET. This also 
Äs to «heMwingships required when using a standard 75 percentj»j£«or 
CODES exceeded the maximum payload capacity by an average 46 STON when hiding 
SraSA.il». This clearly validates the use of the 75 % stow factor, which was 
used to simulate Wingship deployment in JFAST, as a viable esuma.or of Wingship 

requirements. 

b Tank Battalion  We then loaded unit equipment of a tank battalion on each of the 
three dltSfWhip configurations. Appendix G contains template^, . owing 
actual nlacement of the tank battalion's unit equipment on each of the 1725-ton payload 
Wtagsh p mquired to deploy it. Appendix H contains similar template drawings s owing 
the 900 ton payload Wingship and appendix I contains template drawings showmg the 

600-ton payload Wingship. 

5. Force Closure. Simulation I Isint? JFAST 

a  HK report Assets Used. Force closure profiles for deployment of the five 
forces were first generated in the JFAST model using the current inventory of DTb 
Escort Is     ^establish baseline closure profiles. Current DTS transport assets are: C- 
141 C-5, Fast Sealift ships, notional RORO ships, and other sea.ift ships as^ 
tables 3 and 7)   Force closure profiles were then generated in JFAST for the we torces 

adlg he Aerocon Wingship design to the 2005 transport m,x. For thei purp ses of«his 
study, LMSRs and all RORO ships were excluded from this mix to allow the JFAST 

model to choose the Wingship as «he exclusive RORO asset. ™W?**™Lto) 
profiles were generated using «he Northrop Wingship design (900 STON cargo capacuy) 
in place of «he Aerocon Wingship. The JFAST model determined the number of the 
allocated asse.s actually used within a particular scenario, dependen uipon «he s,*^f the 
force to deploy and the criticality of «he scenario. In all scenarios  "e "umber of ^rocon 

W^gships allocated for use was 65 and «he maximum number of Northrop Wingships 

allocated for use was 120. 

Please note that JFAST uses optimistic planning factors for C-141 and C-5 airlift 
«nÄÄ in rapid closure times. These planning factors (for a.rcraft ut.hzat.on 
*es average payload, and number of aircraft available) were not achieved during 

Opia'on Desert'shieid, resulting in airlift productivity less than 50 percent o those 
predicted by JFAST. Excursions with more conservative planning factors would result ,n 
much a'er closure times for airlifted units than those shown in the fo.low.ng analys.s. 
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b   Scenarios. Three deployment scenarios (SWA, NEA, and Caribbean) were used to 
simulate deployment of the five forces analyzed. Within each deployment simulation, 
latest arrival dates (LAD) were chosen to fully utilize current and 2005 asset mix allocated 
transport resources, allowing good force closure profile comparisons between the different 
transport asset mixes. In other words, we assigned LADs to force JFAST into moving 
cargo as quickly as possible with the available transport assets. 

The same LADs were used to simulate deployment using the Wingships, resulting in 
under utilization of those allocated. However, this provided the opportunity to determine 
the number of Wingships needed to close the forces at the same time as; fully«*' «»J 
current and 2005 asset mixes. Earlier LADs were then assigned for additional simulations 
to determine how quickly the Wingship could close the various forces and how many 

would be required. 

c   Force Design. The forces developed in JFAST were built in the notional 
requirements generator (NRG) and designed to approximate the same forces used in the 
earlier TARGET analysis. However, the notional corps and two division forces bu.lt in 
the NRG for use in force closure analysis are slightly larger than those forces used in 
TARGET analysis. The increase in the size of these two forces was due to the generation 
by the NRG of an additional layer of theater/corps support. As the analyses conducted in 
TARGET and JFAST were looked at separately, the difference in the size of the two 
forces does not influence overall findings. 

d   Fnrr.p. Closure-Notional Corps. Deployment of a notional corps to SWA was 
simulated in JFAST using an LAD (at the A/SPOD) of C+30 using all four asset mixes. 
Force closure profiles generated are shown in table 9. Included in this table are actual 
number of Wingships and total sorties required. The air assault division is the first unit to 
close in all cases. Closure of this division was attained by use of current air assets by 
C+10   It also closed at C+10 using 2005 air assets. Closure of this division was 
significantly accelerated using either of the Wingships in the asset mix closing on C+04 
with the Aerocon Wingship, and C+05 with the Northrop Wingship.. Current assets closed 
the entire force in C+39, while 2005 assets closed the total force in C+31. The Wingship 
alternatives are quite effective in closing the total force by C+30. With the Aerocon 
Wingship replacing all RORO ships, the force was closed in C+30 and required on y 23 
Aerocon Wingships or on C+29 with 59 Northrop Wingships. Closure profiles of the 
notional corps are illustrated in figure 3. 
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TABLE 9 
FORCE CLOSURE - NOTIONAL CORPS 

WITH LAD OF C+30 

^!Piiiiii-;^"^§^^;sSi; 

IlSgSliiliiil'^"^ 

^ASSAtiLT^ 

2005 ASSETS WITH (1725T) 
t&EROCONWINGSHIP 
Ä5'ÄSSFrS WITH (90OT) i 
KORTHROPAViyGSHrP 

TOTAL FOROB 
f-SSaS;! 

WINGSHIPS    ^WINGSiUP: 
KEOtimO)     : SORTIES 

%OF 
FORCE 

CLOSED 

C24 C28       C32       C36       C39 CO        C04       C08       C12       C16       C20 

Figure 3. Force Closure, Notional Corps to SWA (LAD C+30) 

Tables 10, 11, and 12 show accelerated air assault division and total force closure as 
the allocated number of Wingships increase due to shortened LADs_ A^ °f « 
Aerocon Wingships was able to close the entire corps in less than a third of the time it 
takes for current assets (C+12 vice C+39). 
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TABLE 10 
WINGSHIP REQUIREMENTS TO CLOSE 

THE NOTIONAL CORPS BY 
C+25 

H 

HTSMTX        -^       — 
«WWWWIWIJ 

i-2005 AIR ASSETS WITH 
^B5t) ASROCON WIKGSHIP 
$005 AIR ASSETS WITH (MOT) 
NORTHROP WINGSHIP 

^AnrassAWP 
|?0W:mJSESll; 

C+02 

C+02 

TOTALEORCE 
'"?.■? CLOSEST 

C+24 

C+25 

WINGSHIP5 
REQUIRED 

29 

71 

WINGSHIP 
SORTIES   | 

311 

708 

TABLE 11 
WINGSHIP REQUIREMENTS TO CLOSE 

THE NOTIONAL CORPS BY 
C+20 

lliiÄit 
mm AIR ASSETS WITH 
'lansn ASROCQN WINCSHIP 
: 20Ö5 AIRASSETS WITH (900T) 
NORTHROP KINGSHIP 

AIR ASSAULT 
, ÖIV CLOSES. 

C+02 

C+02 

TOTAL FORCE, 
"^CtOSES- ■ u. 

WINGSHIPS 
.REOÜIREÖ 

.. WEJGSHIP 
SORTIES   •! 

C+19 35 311 

C+20 89 708 

TABLE 12 
WINGSHIP REQUIREMENTS TO CLOSE 

THE NOTIONAL CORPS BY 
C+15 

I&&M&M 
«S:ArRASSEtSiWITH;.N 
:h725T)'AEROCON WINGSHIP 

i W0$ AIR ASSETS WITH CWUTj 
tiaRTRHOP WINGSHIP 

AIRASSAULT 
DIV CLOSES 

C+02 

C+02 

TOTAL FORCE 
~;;~ CLOSES- ' 

C+12 

C+17 

WINGSHIPS 
REQUIRED 

63 

102 

WINGSHIP 
SORTIES 

311 

708 

e   Farce. Closure - Two Division Force. Deployment of a two division force to NEA 
was simulated in JFAST using an LAD (at the A/SPOD) of C+20 using all four asset 
mixes. Force closure profiles generated are shown in table 13. Included in this table are 
actual number of Wingships and total sorties required. The airborne division is the first 
unit to close in all cases. Closure of this division was attained by use of current air assets 
by C+l 1 and by C+08 using 2005 air assets. Closure of this division was somewhat 
accelerated, closing on C+06, using either of the Wingships. Similar results were shown 
in comparing total force closure. Current assets closed the entire force in C+34, while 
2005 assets closed the total force on C+27. 
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The Aerocon Wingship and Northrop Wingship (replacing all RORO ships) closed the 
entire force on C+19, while using a relatively small portion of the total Wmgsh.ps 
allocated   Closure profiles of the two division force are illustrated in figure 4. 

Sli:tsi&^.'-■>;; 

Ü CURRENT ASSETS 

^EAK20QS ASSETS 

TABLE 13 
FORCE CLOSURE - TWO DIVISION FORCE 

(MECHANIZED/AIRBORNE) 
WITH LAD OF C+20 

«005 ASSETS \\lTH(l725T}i 
ARROCON WINGSHIP 

PAIRBÖRNE-;-:-1-: 
PIVCLOSES 

|20Ö5 ASSETS WITH (900T) 

C+ll 

C+08 

TOTAL FORCE 

C+06 

C+06 

WINGSHIPS 
rinSES REQUIRED 

C+34 

C+27 

C+19 

C+19 

13 

40 

! WJflGSttTP I 
SORTTES  I 

74 

199 

100 

90 

80 

70 

%0f 
force    50 
closed 

TZX- 

-1994 
-2005 

-A—BIG WIG 
-X— SMALL WIG 

C00 C05 C10 C15 C20 C25 C30 C34 

Figure 4. Force Closure, 2 Division Force to NEA (LAD C+20) 
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Tables 14 and 15 show accelerated airborne division and total force closure as the 

number of actual Wingship assets increase due to shortened LADs   ^i.m^S.a^ 
closure profiles do not change as LADs decrease since both are fully utilized with an LAD 
of S-20  The Northrop Wingship approaches the allocated number (120) of assets to close 
the force at OHO. Total Wingship sorties increase from those shown in table  3 as> the 
Wingship also moves unit equipment that can not be delivered within the accelerated LAD 
by the C-17 or C-5 aircraft. A relatively low number (41) of Aerocon W.ngsh.ps^are 
required to close by C+10. Figure 5 illustrates force closure profiles with an LAD of 

C+10. 

TABLE 14 
FORCE CLOSURE - TWO DIVISION FORCE 

WITH LAD OF C+15 

AIRBORNE 
DIV CLOSES 

TOTALFORCE 
CLOSES 

WINGSH1PS 
REOUIRED 

WtNGSHtP 
SORITES 

2005 ASSETS WITH *J725T) 
AEROCON \VINGSHIP C+04 C+15 19 95 

3005 ASSETS WITHOUT) 
NORTHROP WINGSHIP C+05 C+14 64 255 

TABLE 15 
FORCE CLOSURE - TWO DIVISION FORCE 

WITH LAD OF C+10 

min u Mi.i.i.i.'.'.'J.'j.y. W. '.'.TO MWWN«"|I.I 11 ".LI   '   ".  ' 

2005 ASSETS WITH (172ST) 
rA£ROCOKWlNGSHB> 
..- i  .ii ; '  . .. 

löÖ&ASSEI&NSTrH (900T): 
NORTHROP WINGSHIP 

C+02 

C+03 

«wwwiw'fflwwww'wiw 
TOTAL FORCE 
m&os&mm 

C+08 

C+10 

^■iWINGSHIPSv: 
REQUIRED 

41 

109 

WENGSHIP 
SORTIES 

122 

325 
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COO     C04     C08     C12     C16     C20     C24     C28     C32     C34 

Figure 5. Force Closure, 2 Division Force to NEA (LAD C+10) 

f *™~ rmain! - Sep^t. M^ani7.ed Brigade. Deployment of a separate 
mechanized brigade to the Caribbean was simulated in JFAST us.ng an LAD (at the 
ATSPOD)ofWO using current and 2005 air and ship asset mixes separately, in addition 
to using each of the two Wingships as the sole transport asset. Force closure profiles 
gen^ afefaTe shown in tabled. Included in this table are actual number of Wingships 
fndTotal sorties required. Closure of this brigade was attained by use of currenship 
assets by Of 11 and current air assets by Of 15. 2005 ship assets attained closure by C+13 
and 2005 air assets by C+09. Use of air assets in this scenario were constrained b   APOD 
throughput resulting in a rather late force closure for current air assets. Current and 2005 
Swere'fully utiHzed with the assigned LAD of C+10. Wingships were underutilized 
as shown by the low number of Wingships required. Force closure us.ng only two 
AefocoTwingships was C+08, and C+09 when using three Northrop Wingships. Figure 6 
illustrates force closure of the Separate mechanized brigade with an LAD ot C+1U. 
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TABLE 16 
FORCE CLOSURE - SEPARATE MECH BRIGADE 

iBttra 
CCRftENTSHIP ASSETS^ 
CURRENT AIR ASSETS 
«YEAR 2005 SHIP ASSETS    . 
YEAR 2ÖÖ5 AIR ASSETS 

«TONKORTHROF 
f AVINGSHIPONLY 

C+ll 
C+15 
C+13 
C+09 

C+08 

C+09 

FORCE,   \ 
CLOSES' J; 

AIR SORTIE 
REQUIREMENTS 

C141-380, C5-129 

C17-121. C5-129 

16 

36 

- WtNGSniPS 
REQUIRED 

closed 

1994 SHIPS 

1994 AIR 

2005 SHIPS 

2005 AIR 

BIG WIG 

SMALL WIG 

COO  C01   C02  C03   C04  C05  C06  C07  C08  C09  C10  C11   C12  C13   C14  C15 

Figure 6. Force Closure, Separate Mech Brigade to Caribbean 
(LADC+10) 

Tables 17  18 and 19 show accelerated force closure as the number of actual Wingship 
assets increase due to shortened LADs. Current and 2005 asset closure profiles do not 
change as LADs decrease since both are fully utilized with an LAD of C+10. As shown in 
table 19, this mech brigade can be closed in a very short time (C+01) using a rather low 
number of either Wingship design. Figures 7 and 8 illustrate force closure profiles with 

LADsofC+05andC+02. 
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TABLE 17 
FORCE CLOSURE - SEPARATE MECH BRIGADE 

WITH LAD OF C+05 

»-*» J  kJ    «» »*»■.■ . .■■■■-      ,^     ^ u ,„,,, 

W2STOÜ ÄEÄQCpN^iO" • 

l9Da TON NORTHROP 
WlNCSWIPONLY 

C+04 

C+05 

.REQUIRED 
N^WmGSfftPi 

SORTIES 

16 

36 

TABLE 18 
FORCE CLOSURE - SEPARATE MECH BRIGADE 

WITH LAD OF C+02 

J1725TONAEROCON! 

^0(rTONNORTHROF  ;i: 
^WNCSHg ONLY ^  

*lf J?ORCE ■■±■■4 
»s CLOSES 

C+02 

C+02 

WINGSHTPS 
REQUIRED 

8 

18 

hwiNGSHRi 
K;;ilSÖRTl£S^ 

16 

36 

TABLE 19 
FORCE CLOSURE - SEPARATE MECH BRIGADE 

WITHLADOFC+01 

mtsmx.:^ m&mm 
'•'•'"•YiTi'r *••'•''.' 

Ü725TON ÄEROCÖN: ;#: 
^iNGSHiP.ONLY^S^ 
mo TON NORTHROP k 
sWiNGSHffONLY 

^^FORCE /;.: 
CLOSES 

C+01 

C+01 

WINGSHTPS 
REOttRE»    i 

16 

36 

W1XGSHIP 
i:;>iSÖRTTESi 

16 

36 
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COO    C01    C02    C03    C04    C05    C06    C07    COS    COS    C10    C11    C12    C13    C14    C15 

Figure 7. Force Closure, Separate Mech Brigade to 
Caribbean (LAD C+5) 

COO     C01     C02     C03     C04     C05     C06     C07     COS     C09     C10     C11     C12     C13     C14     C15 

Figure 8. Force Closure, Separate Mech Brigade to Caribbean 
(LAD C+2) 
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g   Fnrr.ft Closure - 10* F*rlv Rntrv Force. Deployment of the 10K force to SWA was 
simulated in JFAST using an LAD (at the A/SPOD) of C+20 using current and 2005 air 
and ship asset mixes separately, in addition to using each of the two Wingships as the sole 
transport asset. Force closure profiles generated are shown in table 20. Included in this 
table are actual number of Wingships and total sorties required. Closure of this force was 
attained by use of current sealift assets by C+23 and by C+24 using 2005 seahft assets 
Force closure improved slightly with the use of current air assets only to C+20 and with 
2005 air assets to C=16. Current and 2005 allocated assets were fully utilized to try and 
meet the LAD of C+20. Closure of this force was accelerated, closing on C+14, using 
either of the Wingships. Closure profiles of the 10K are illustrated in figure 9. 

TABLE 20 
FORCE CLOSURE - 10K EARLY ENTRY FORCE 

IfiTSMlX-; 

.YEAR 2005 SB& ASSETS 
Wu MIYIYMM nun MIM M^ 

CURRENT AIR ASSE1S 

J£SftRBaySfflRASSETS' 

XEÄ» 2005 Am ASSETS 
<172SsTOSAEROCON 

S^m^snwS^ 

FORCE 
CLOSES 

C+23 
C+24 

C+20 

C+16 

C+14 

WINGSHIPS 
REQUIRED 

C+14 17 

WINGSHIP 
SORTIES 

31 

82 

C00 C02 C04 C06 C08 C10 C12 C14 C16 C18 C20 C22 C24 

Figured Force Closure, 10 K Force to SWA (LAD C+20) 
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Tables 21, 22, and 23 show accelerated force closure as the number of actual Wingsh.p 
assets increase due to shortened LADs. Current and 2005 asset closure profiles do not 
change as LADs decrease since both are fully utilized with an LAD of C+20. As shown in 
table 22, this 10K force can be closed in a very short time (C+02) using 31 Aerocon 
Wingships or 82 Northrop Wingships. Figure 10 illustrates force closure profiles with a 

LADofC+05. 

TABLE 21 
FORCE CLOSURE - 10K EARLY ENTRY FORCE 

W1THLADOFC+10 

-»IS MIX 
FORCE 

CLOSES 
WINGSHIPS 
REOUIRED 

vv^SWGSHlP...-- 
iiiiiiiiiiii 

1725 TOK AEROCON 
\VIN<JSH1P ONLY C+08 8 31 

900 TON NORTHROP 
C+10 21 82 

TABLE 22 
FORCE CLOSURE - 10K EARLY ENTRY FORCE 

WITH LAD OF C+05 

mrm NORTHROP : 

FORCE 
lllcÄEäitl 

C+04 

C+05 

^REQffXR£J>^ 

16 

41 

SMKGSHIP 
^SORITES ■, 

31 

82 

TABLE 23 
FORCE CLOSURE - 10K EARLY ENTRY FORCE 

WITH LAD OF C+02 

mm "■"■" ' 'VfTTT-T 

|^^KABB-OCON;^W - 

W JON NORTHROP       , 

Msii^ 
C+02 

C+02 

^WINGSHIPS 

31 

82 

WNGSHIP 
r SORTIES 

31 

82 
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1994 SHIPS 

2005 SHIPS 

1994 AIR 

2005 AIR 

BIGWIG 

SMALL WIG 

-4- -i 

COO C02 C04 C06 C08 C10 C12 C14 C16 C18 C20 C22 C24 

Figure 10. Force Closure, 10 K Force to SWA (LAD C+10) 

i   Force Closure - ?K Early Entry Force. Deployment of the 2K force to SWA was 
simulated in JFAST using an LAD (at the A/SPOD) of C+IO using current and 2005 air 
and ship asset mixes separately in addition to using each of the two Wingships as the sole 
transport asset. Force closure profiles generated are shown in table 24 Included in this 
table are actual number of Wingships and total sorties required. Closure of this force was 
attained by use of current ship assets by C+18 and current air assets by C+09. 2005 ship 
assets attained closure by C+23 and 2005 air assets by C+06. Use of air assets in this 
scenario were notconstrained by airfield throughput. Current and 2005 assets were fully 
utilized to attempt to meet the LAD of C+10. Wingships were underutilized as shown by 
the low number of Wingships required. Force closure using the Aerocon Wingship was 
C+06 and C+07 when using the Northrop Wingship. Figure 11 illustrates force closure of 

the 2K with an LAD of C+10. 

TABLE 24 
FORCE CLOSURE - 2K EARLY ENTRY FORCE 

mwmmmvm&ws^ 
»TSMDC 

I^BAR ZOOS AIR ASSETS 
1725 TON AEROCON 

«TON NORTHROP 
;;\VIN^SHffÖNLY 

FORCE 
CLOSES 

C+18 
C+09 
C+23 
C+06 

C+06 

C+07 

C141-467, C5-12 

C17-145, C5-12 

12 

31 12 
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1994SHIPS 

1994 AIR 

2005 SHIPS 

2005 AIR 

^—BIGWIG 

SMALL WIG 

COO      C03      C06      C09      C12      C15      C18      C21      C23 

Figure 11. Force Closure, 2K Force to SWA (LAD C+20) 

Tables 25 and 26 show accelerated force closure as the number of actual Wingship 
assets increase due to shortened LADs. Current and 2005 asset closure profiles do not 
change as LADs decrease since both are fully utilized with an LAD of C+10. As shown in 
table 26 this 2K force can be closed in a very short time (C+02) with only 12 Aerocon 
Wingships or 31 Northrop Wingships. Figure 12 illustrates force closure profiles with a 

LAD of C+02. 

TABLE 25 
FORCE CLOSURE - 2K EARLY ENTRY FORCE 

WITH LAD OF C+05 

IVTS? X/1TY O^^ /■»*.., :\\* 

IHM 11 I.I I I.II H.IWT 

SÖ&TON NORTHROP 
LWBJgSHIP ONLY J 

SÖRCE 
CLOSES 

C+04 

C+05 

  
WINGS HJPS 
REQUIRED J 

16 

WINGSMP 
i:|?SÖRXlES::-! 

12 

31 

37 



TABLE 26 
FORCE CLOSURE - 2K EARLY ENTRY FORCE 

WITH LAD OF C+02 

DTS MIX 

-9m TON NORTHROP 
l^m^HiPom^:;-g^;/--..-::::- 

II FORCE 
^CLOSES 

C+02 

C+02 

:-e/:wiNGSHiP|;!| 

12 

31 

IliiiiiilBir*** yiM ' '* 

12 

31 

1994SHIPS 

1994 AIR 

2005 SHIPS 

2005 AIR 

BIG WIG 

SMALL WIG 

COO C02      C06      C09      C12      C15      C18      C21      C23 

Figure 12. Force Closure, 2 K Force to SWA (LAD C+02) 
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6. Summary of Analysis 

a. Best Case Force Closure. Summaries of force closure showing the earliest possible 
closure date for each of the asset mixes to deploy each of the five forces analyzed are 
listed in tables 27 and 28. The closure dates are dependent upon optimal use of 
available/allocated resources. Allocation of existing assets was based on the actual 
inventory of those assets with utilization rates and estimated operational tempo factored in. 
Allocation of the Aerocon Wingship was set at a maximum of 65 Wingships in each case. 
Allocation of the Northrop Wingship was set at a maximum of 120 Wingships in each 
case. Tables 27 and 28 also summarize actual number of Wingships (shown in 
parenthesis) required to attain the closure dates listed. As these two tables illustrate, either 
of the two Wingship designs are capable of drastically reducing the time required to close 
either of the five forces. However, the number of Wingships required to attain early 
closure dates for the notional corps and the two division force are higher than is reasonably 
expected to ever be procured. 

TABLE 27 
BEST CASE 

FORCE CLOSURE SUMMARY 
WITH ASSET MIX 

**\* CORPS 
\,I ^DIVISION    

% 

PARENT ASSETS * /            . C+39 C+34 

[YEA«. 200S ASSETS 
1 

C+31 C+27 

WINGSHIP ONLY C+12 (63) C+5 (65) 

9QQ TON NORTHROP 
1 VP&fGSmP ONLY C+17 (102) C+10O09) 
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TABLE 28 
BEST CASE 

FORCE CLOSURE SUMMARY 
USING ASSET TYPES SEPARATELY 

« SEPARATE *;. . ,~. S10K EARLY. * - 

CURRENT SHIP ASSETS C+ll C+23 C+18 

CURRENT AIR ASSETS C+15 C+20 C+09 

OTEAR2Q0S SHIP ASSETS C+13 C+24 C+23 

«YEAR 2005 AIR ASSETS C+09 C+16 C+06 

1725TONAERQCON 
.WINGSHIP ONLY C+01 (16) C+02(31) C+02 (12) 

> m TON NORTHROP 
WINGSHIP ONLY C+01 (36) C+02 (82) C+02 (31) 

b. Most Economical Case Force Closure. Summaries of force closure requiring the 
fewest number of Wingships to deploy each of the five forces to meet probable, realistic 
LADs are listed in tables 29 and 30. The closure dates are dependent upon most 
economical use of available/allocated resources. Allocation of the Aerocon Wingship was 
set at a maximum of 65 Wingships in each case. Allocation of the Northrop Wingship was 
set at a maximum of 120 Wingships in each case. The actual number of Wingships 
required to attain the closure dates listed are shown in parenthesis. Although closure dates 
do not change for current or 2005 assets, their closure times are repeated for comparison 
purposes. As these two tables illustrate, a relatively small number of either Wingship 
design is necessary to close any of the forces within very realistic LADs. 

TABLE 29 
MOST ECONOMICAL 

FORCE CLOSURE SUMMARY 
WITH ASSET MIX 

wmmi&mMjsm:- 

::';■..;::■■:;.::.;■<; 

^YEAR 2005 ASSETS 

j*^eoEiWINGSHIP'     ":: 

mm ASSETS WITH '.(SOOT) 
I&ÖRTHROP WINGSHIP 

NOTIONAL 
CORPS •■'■as* •w,ij^."»»\»«SwtK8äKR2' 

LAP C+30 

C+39 

C+31 

C+30 (23) 

C+29 (59) 

2 DIVISION i 

C+34 

C+27 

C+19(I3) 

C+19(40) 
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TABLE 30 
MOST ECONOMICAL 

FORCE CLOSURE SUMMARY 
USING ASSETS TYPES SEPARATELY 

CURRENT SHIP ASSETS 
CURRENTAIRASSETS 
fr^AR 2005 SHIP ASSETS   ' H 
YEAR 2005 AIR ASSETS 
!1725T0NAER0€0N 

900 TON NORTHROP 
WINGSHIP ONLY 
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IV. CONCLUSIONS AND RECOMMENDATIONS 

A. CONCLUSIONS 

1. Air Sortie/Sealift Requirements Comparison 

A comparison of air sortie requirements to deploy the five forces (table 4) illustrates 
the large advantage the Wingship possesses in number of sorties required to transport 
various Army forces. At the same time, the Wingship concedes very little in cruise speed 
capability to existing strategic lift aircraft. The Aerocon Wingship, and to a lesser degree, 
the Northrop design, also compare favorably to the DTS sealift transports. A comparison 
of sealift requirements (table 8) shows it takes only 9 Aerocon Wingships to transport an 
equal amount of unit equipment as 1 large medium speed RORO (LMSR), while the 
Wingship has a cruise speed nearly 17 times greater than the LMSR. This translates to one 
Wingship being capable of transporting nearly twice as much unit equipment, over time, as 

one LMSR. 

2. Force Closure Profile Comparison 

A comparison of force closure times, summarized in tables 27 through 30, clearly 
illustrates the enormous capability of the Wingship. Given adequate numbers of 
Wingships, a small Army Corps can be closed to Southwest Asia in less than two weeks. 
This possibility could revolutionize Army doctrine and Department of Defense policy. 
Even provided with smaller numbers of Wingships, contingency forces that are heavy and 
lethal could be capable of responding to any crises anywhere in days. Although the 
existing DTS airfleet, including the C-17, is very capable of deploying very small, light 
forces rapidly, it lacks the capability to deploy a credible-sized force rapidly enough to 
deter the many emerging, sizable enemy threats. The Wingship seems very capable of 
filling this role. 

B. RECOMMENDATIONS 

1. Based on the enormous potential value the Wingship can add to the capability of the 
DTS, it is highly recommended that the Wingship project proceed to the next phase and 
that further, more detailed analysis be conducted on this very capable transport design. 
The following refinement is recommended for inclusion to the follow-on Wingship 
designs to improve capability: 

2. Reduce the troop capacity of the Aerocon design from 2,000 to 500 and convert the 
saved space into additional cargo deck space. Analysis has shown that the number of 
Wingships required to transport any given force have an average troop load of less than 

500. 
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APPENDIX A 

FORCE DATA SUMMARY 

NOTIONAL CONTINGENCY CORPS 

67000L100 
87000L700 
87000L800 
17440L400 
06365L400 
06403L000 
06402L200 
06465L000 
06435LO0O 
06413L000 
52401L100 
63422L000 
63426L000 
09483L000 
1O468L000 
10427L000 
52413L000 
55716L000 
5554 0LE00 
5S729L000 
55728L200 
55719L200 
43436L00O 
01947L100 
43209L000 
4 3537LD10 
43537LE10 
43537LB00 
42419L000 
42446LO00 
42447L0OO 
42418L000 
42S18LA00 
42414LOOO 
08432L000 
08705L000 
08446L000 
08447L100 
08407L100 
08498L000 
O8499LO00 
O89O9L000 
08417L000 
08455LOOO 
08567LA00 
08527LA00 
O8479LO0O 

AIR ASSAULT DIVISION 
AR DIV,6-Ml,4-BFVS,1-AHB 
MX DIV, 5-Ml,5-BFVS, 1-AHB 
ARMD CAV REGT 
FA BN 155 SP HVY DIV 
HHB, CORPS ARTILLERY 
HHB, FA BDE WITH TACFIRE 
FA BATTALION MLRS 
FA BN, 155MM T, ABN 
CORPS TGT ACQ DETACHMENT 
HHC CORPS 
HHC, SUPPORT GROUP (CORPS) 
HHD, CORPS SUPPORT BN 
ORD CO, AMMO (MOADS) DS 
WATER SUPPLY COMPANY 
QM PETROLEUM SUPPLY CO 
CORPS RAOC 
HHD,   TRANS  MOTOR   TRANS   BN 
TRAILER   TRANSFER   POINT   OP 
TRANS   HEAVY   TRUCK   COMPANY 
T MDM  TRK  CO  5000  GAL TANK 
TRANS   LIGHT-MDM   TRUCK   CO 
HHD  ORD(MNT)BN   DS/GS 
AVN   MAINT  CO, III   CORPS-AC 
MAINT  CO  NON-DIVISIONAL   DS 
SIGINT/EW EQUIP REP TM 
COMSEC EQUIP REPAIR TEAM 
AUTOM TEST EQUIP TEAM 
QM REP PARTS SUPPLY CO 
HHD, SUPPLY AND SERVICE BN 
QM SUPPLY CO 
QM SUPPLY CO, GS 
QM BAKERY TEAM/AOE 
QM FLD SVC CO DS/AOE 
HHD, MEDICAL GROUP 
COMBAT SUPPORT HOSPITAL 
HHD, MED EVAC BN 
MED CO, AIR AMBL (UH-1V) 
MEDICAL DETACHMENT (SURG) 
MED DET, PM (SANITATION) 
MED DET, PM (ENTOMOLOGY) 
MED LOG SUPPORT DET 
MED DET, VET SVC 
MED  BN,   AREA  SUPPORT 
MED   DET,   CMBT   STRESS  CNTRL 
MED TM,   HEAD   i   NECK   SURG 
MED  DET,   DENTAL  SVCS 

15850 
17331 
17576 

4666 
701 
204 
132 
450 
589 

38 
1326 

220 
228 
228 
148 
197 

96 
192 

f>6 
622 
694 
4 32 

48 
27 0 
195 

7 
20 

1 

■    182 
61 

135 
137 

19 
106 

62 
604 

4 5 
130 

9 
11 
11 
39 
48 

338 
24 

7 
2b 

5820 
8156 
8242 
2195 

197 
92 
67 

256 
2 8 5 

2 3 
132 

74 
otl 

81 

2 8 
21 

969756.5 
1493511.8 
1501298.0 
444806.9 

4 0565.b 
128 37.5 
; uou.'i. a 
4 617 9.0 
4 9054. ':■ 

3 9 98.4 
i 57 93. 2 

7 543.8 
.>B54 . 9 

30.V1 . •■ 
1617 4.! 

• CJ q 

:2 9 

33648.9 
107 54 4.9 
: II.T:. A 

nin".. 

'78 5i;.883. 4 

27 4 5674 5.5 •1 Hi-. 2 

268 51209.4 ,»0 'o. r- 

l ft 2274 .<• 
u ' . ' 

187 3o4 74 . .1 14 2H. ' 

173 31 7 1 2. 6 : '14 ' . ■'■ 

•; 1300.3 4 7.4 

13 24 98. 9 '■t » . 3 

6 1535.1 54 .0 

148 30572.8 1289.6 

16 1684.8 41.3 

117 21713.5 104 P.! 

47 9267.7 4 4 1.0 

16 2510.7 124 .0 

68 107 51.7 4 83.4 

16 2034 . 3 5<~-. 4 

78 277 14 . ) 1 1'J«. ', 

24 2«'.4'' . " "    . l 

IA 

1 

; o 1 it.. 
113..» •..: 

6 *<'l9. '' 

8 949.8 jb. I 

20 28 313. 3 Lie. i' 
27 2782.5 59. 6 

233 30745.5 1380.4 

13 1671.4 7 2. B 
0.8 0.0 

24 .. '^'' ». » lie. •: 
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APPENDIX A 

FORCE DATA SUMMARY 

NOTIONAL CONTINGENCY CORPS 

IT 'sac > f mrr DE8<gmWtI<W^%; 
- JPSRSCKH5I. mmmzmm 

HHD CHEMICAL BATTALION 
SMOKE GENERATOR CO (MECH) 
CHEM CO (DECON)(CORP/TA) 
ENGR COMBAT BN, HEAVY 
ENGR CO, CSE (ENG BDE) 
TRANS MOV CON CTR, COSCOM 
MOVEMENT CONTROL 

5558OLD00 MOVEMENT CONTROL (REGION) 
55580LC00 MOVEMENT CONTROL 

MOVEMENT CONTROL 
CARGO DOCUMENTATION 
HHC, CORPS SPT CMD 
EOD DETACHMENT 
MMC, CORPS SPT CMD 

03476L100 
O3437L0O0 
03417L000 
05415L000 
05423L000 
55604L000 
55580LAOO 

55580LB00 
55560LA0O 
63431L000 
09527LB00 
63433L000 

45 
107 
134 
663 
178 
176 
12 
44 
28 
20 
32 

138-5 

1488 

21 
47 

110 
499 
147 
21 
2 
5 
4 
2 
2 

104 
14 

1)9 

FORCE TOTAL 

, VATS 
S5ÖN 

7 
Its 
92 
30 

1 

1 1 

1..1 

587 . A 
404. o 
04 9. V 
!>34.7 
503.3 
724. 8 
258." 
613.1 
409.8 
258.1 
24 5..' 
•M7.- 

J.1B . 

4 1 '1. !;i 

'■4 *<_'..- 

16. 4 

4 J J . H 

A-2 



APPENDIX B 

FORCE DATA SUMMARY 

MECHANIZED AND AIRBORNE DIVISIONS 

AIRBORNE DIVISION 

tM::-i^g:'-sre::.iü£3;x-;.D^^ 
will 

;  ''«SET 

~~I 57004L000 HHC AIRBORNE DIVISION 
2 19313L000 MP COMPANY AIRBORNE DIV 
3 11065L200 DIV SIG BN (MSE)LID 
4 44135L0OO ADA BN, SHORAD (ABN DIV) 
5 05025LO00 ENGR BN, ABN DIV 
6 03057LOOO CHEM CO (SMK/DECON) ABN/AA 
7 34265L000 Ml BN (CEUI) ABN DIVISION 
8 57O42LO0O HHC AIRBORNE BRIGADE 
9 07 035L000 INF BN (ABN) 

10 06202LOOO HHB DIVARTY (ABN) 
11 06205LO00 FA BN, 105MM T (ABN) AOE 
12 01042L200 HHC, DIV AVU BDE (ABN) 
13 01045L000 ASSAULT HEL BN (UH-60) 
14 01055L200 ATTACK HEL BN (AH-64) 
15 01065L000 AIR RECON SQUADRON 
16 12113L000 DIVISION 4 ARMY BAND (DS) 
17 01973L200 AVN MAINT CO, ABN (AH-64) 
18 63252L000 HHC/MMC,SPT CMD,ABN DIV 
19 63255L00O FWD SPT BN, ABN 
20 63265L0OO MAIN SPT BN, ABN DIV 

DIVISION TOTAL 

25c 

102 
4 7 5 
4 3 = 
4 2- 
124 
4 5_ 

67" 
113 
4 4C 
139 
21 o 
234 
34 3 

41 
22« 
203 
236 
936 

1314? 

!(■ 

56 
4 22 
335 
1 7 3 

98 
1 6.1 

32 
100 

62 
170 
10« 
144 
120 
1.-^ 

3 
1 44 

93 
169 
416 

4594 

ip (•■,.'■. '■ 

5895.': 
4 6016.► 
.;864 8-> 
.:4'•>'>'>. 
1281 1 .. 
,; 114 i' i. ■'■ 

4 1 /;■.: 
1 .12.13. i 

7 4 07.:: 

.'I V.i I . ' 
17.:, i4.' 
4 ■'•••51 . • 
24*:.'-'.. 

.■.".':  V)  . 

1 I.II?1.I3. 4 
25337.0 

14I-J54 3. ' 

7 3374 9.H 

;: STOH 
j r 

I 62. 8 
! 2 8 < . . • 
802. '■ 

59n. 7 

4 5' 
.'(tu 

1.C- 

1011 
4 18M 

24 14 3. 



APPENDIX B 

FORCE DATA SUMMARY 

MECHANIZED AND AIRBORNE DIVISIONS 

MECHANIZED DIVISION 

>~WR  WUT SRC 

1 
2 
3 
4 
5 
6 
7 

87004L200 
19333L000 
11065L400 
44165L000 
05332LOOO 
0S335L000 
34285L000 

8 03157L200 
9 87042L100 

10 87042L200 
11 1 n75L000 
12 07245LOOO 
13 06302LOOO 
14 06303L000 
15 06365L4 00 
16 06365L500 
IT 06365L600 
18 06398L000 
19 O1302LO00 
20 01303L200 
21 01304L000 
22 01385L200 
23 17385L200 
24 01933L400 
25 63002LOO0 
26 63005L100 
27 63005L200 
28 63005L300 
29 12113L000 
30 63135L000 

tan? psscaigyicw | 
HHC,    INF   DIV   (MECH) 
MP   CO-HVY   DIV 
6  NODE  DIV  SIG  BN   (MSE) 
ADA  BN,   HEAVY   DIV 
HHD, ENGINEER BRIGADE 
ENGR BN, HVY DIV 
Ml BN, HVY DIV 
CHEMICAL CO, HVY DIV 
HHC, HVY DIV BDE (ARMOR) 
HHC INF DIV (MECH) BDE 
TANK BATTALION (HVY DIV) 
INF BN (MECH) 
HHB DIV ARTY HVY DIV 
TGT ACQ BTRY HVY DIV 
FA BN 155 SP HVY 01V 
FA BN 155 SP HVY DIV 
FA BN 155 SP HVY DIV 
FA BTRY MLRS 
HHC, DIV AVN BDE (HVY) 
ASSAULT HEL CO (UH-60) 
COMMAND AVIATION COMPANY 
ATTACK HEL BN (AH-64) 
DIV SQDN, CBAA AHIS HV DIV 
AVN MAINT CO,AH-64,HV DIV 
HHC/MMC, SPT CMD, HVY DIV 
FWD SPT BN (2X1) HVY DIV 
FWD SPT BN (2X2) HVY DIV 
FWD SPT BN (1X2) HVY DIV 
DIVISION & ARMY BAND (DS) 
MAIN SUPPORT BN, HVY DIV 

;.: -STKEKOTB 

• • mir- 

DIVISION  TOTAL 

FORCE TOTAL 

272 
153 
635 
64 0 

55 
4 33 
4 65 
171 

il7 
7 J 

5<n 
32 9 

20 
220 

11.1 
4 0 

84 4 1 
610 '4 1 

818 31 4 
1 °, 7 >-•: 
77 31 

7 08 2 J 'i 

7 33 219 

7 54 .:.:'> 
127 ,-,; 
80 ')9 

131 91 

149 9! 

264 178 

550 227 

222 136 

221 90 

4(51 2 92 

490 304 

4 53 2 9', 

41 .:< 
1039 8 58 

17766 b 5u 5 

30915 1 309'! 

; 54 36. 1 
■0.4 

42 400.3 
24 61 . 9 

4i:.7 6c'. " 

5008.9 
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APPENDIX C 

FORCE DATA SUMMARY 

SEPARATE MECHANIZED BRIGADE 

87102L200  HHC  HVY  SEP  BDE   (MECH) 
2 05143L000  ENGR  CO,   HVY  SEP  BDE 
3 17387L200   CAV  TRP,   CAV   SQDN 
4 17S87LBO0   SEP  CAV  TROOP AUG  TEAM 
5 34144LOOO  Ml   CO   (CEWI)   HVY   SEP   BDE 
6 17375L000  TANK   BATTALION   (HVY   DIV) 
7 07245L000   INF  BN   (MECH) 
8 06375L200   FA  BN.155MM  SP,   HSB   (AOE) 
9 63085L200  SPT   BN,   HVY  SEP  BDE   (1X2) 

FORCE  TOTAL 

337 
202 
131 

26 
106 
610 
816 
602 
655 

168 22102 5 

112 23577 4 

37 7724 8 

22 3644 4 

47 7 05/-I li 

241 52 508 Q 

.114 ii7 .i'".'. i 

2 05. 38673 0 

447 81662 4 

1010.6 

17 7 

4! 26 

36 
An :• 
1 7 i; 

<>! u 
1. : ■; 

in')! : 

l -H); 

C-l 



APPENDIX D 

FORCE DATA SUMMARY 

NOTIONAL lOK FORCE 

O7035L000 INF BN (ABN) 
57O42L0OO HHC AIRBORNE BRIGADE 
57004L000 HHC AIRBORNE DIVISION 
06205LOOO FA BN, 10SMM T (ABN) AOE 
44437L000 ADA BTRY, AVENGER 
O5027LO00 ENGR CO, ENGR BN, ABN DIV 
054 4 3L100 ENGR CO, LIGHT EQUIP, ABN 
34265L000 Ml BN (CEWI) ABN DIVISION 
1106SL000 DIV SIG BN (MSE) 
19313LOO0 MP COMPANY AIRBORNE DIV(-) 
03057L000 CHEM CO (SMK/OECON) ABN/AA 
01267L300 AIR RECON TROOP (OH-58D) 
01055L300 ATTACK HEb BN (OH-58D) 
01303L200 ASSAULT HEL CG (UH-60) 
17275L0O0 LIGHT ARMOR BATTALION 
111111111 LIGHT CAVALRY TROOP 
06398L000 FA BTRY MLRS 
44637L000 ADA BTRY,PATRIOT 
01269L300 AVIATION UNIT MAINT TROOP 
08058L100 MEDICAL CO (FSB) HVY DIV 
63266L666 MSB(-) FOR 1 OK FORCE 
63422L000 CSS AMMO 
63433LO00 MAT MGT CENTER OFFICE 
55580LF00 MOVEMENT CON (AIR TERM) 
55817L200 TRANS CARGO TRANSFER CO 
01427L300 ATS COMPANY (CORPS) 
222222222 HHC, CORPS FOR 10K FORCE 
01385L200 ATTACK HEL BN (AH-64) 
01217LOOO COMMAND AVIATION CO (UH-1) 
01266L000 HHT, AIR RECON SQUADRON 
17207L000 CAV TRP (GROUND) 
333333333 IMMEDIATE READY COMPANY 
44497LO00 ADA BTRY, HAWK (CORPS) 
O6413L000 CORPS TGT ACQ DETACHMENT 
O5447L10O ENGR CO,ENGR CBT BN,ABN 
O5427LO00 ENGR CBT CO, CORP (WHL) 
01913A300 RAS AMC 
01946A000 AMB HHD 
01947A300 GS AMC 
0194 8A200 ATK AMC 
01953AOOO AMC 
01973L100 AVN MAINT CO, ABN (AH-1) 
01207L000 ASSAULT HEL CO/TRP (UH-60) 
43209L000 MAINT CO NON-DIVISIONAL DS 
O6435LO0O FA BN, 155MM T, ABN 
08577LA00 HOSP UNIT, SURG FWD (HUSF) 
08909L000 MED LOG SUPPORT DET 

677 

74 
256 
441 
82 
94 

176 
4 06 
4 62 
96 

125 

2 3 .:■ 
13! 
V\) .*■ ..* 

11" 
142 
86 

1 05 
91 

178 
4 
1 

34 
232 
33 

312 
293 
4P 

,113 
66 
86 
8 9 
3e 
126 
119 
213 
59 

177 
175 
l'\ 
21 n 
49 
165 
598 

38 

105 
32 
69 
162 
4 3 
30 
125 
j j7 

35! 

9 4 

4; 

64 
1 8 

1 
3 

1 06 
2 9 
36 

164 
1 « 
6>J 
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14 
94 
17 

6W 
74 

117 
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1 O1 
1 1".' 
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1 *.' O 
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APPENDIX D 

FORCE DATA SUMMARY 

NOTIONAL lOK FORCE 

OB4 47L200 MED CO, AIR AMBL (UH-60A) 
084 98L000 MED DET, PM (SANITATION) 
08457L000 MEDICAL COMPANY (AREA SPT) 
084 4 9L000 MEDICAL AMBULANCE COMPANY 
084 4 6L000 HHD, MED EVAC BN 
41718LOO0 CA DET (DIRECT SUPPORT) 
08419L000 MED DET, VET SVC (SMALL) 
33708L000 PSYOP TACTICAL COMPANY 
34235L100 Ml BN (TE), AIRBORNE CORPS 
19477L000 MP CO COMBAT SUPPORT 
03457L000 CHEMICAL CO (SMK/DECON) 
08813L000 3 PATIENT ADMIN SEC 
55555L500 CHAPLAIN UNIT FOR 10K FORC 
66666L666 CMMS FOR 10K FORCE 
12427LO0O PERS DET (PERS SVCS CMD) 
14 4 23L000 FINANCE DETACHMENT 
08567LAOO MED DET, CMBT STRESS CNTRL 
4 54 23L000 PRESS CAMP HQ 

FORCE TOTAL 

45 
11 
70 
22 
46 
45 
6 

78 
480 
176 
145 
200 
30 
87 
4W 
19 
23 
28 

11218 

57 
6 

37 
58 
18 
13 
4 

20 
219 
70 

124 
13 
i tt 

HO 

if 

21440. 
?35. 

4.: 31 2. 
7 383. 
2001 . 
1479. 
4 16. 

J7 65. 
26968. 
7 625. 

1 '' 4 2 6 . 
636 
15H 

ID' 

' 9 H S j . 
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APPENDIX E 

FORCE DATA SUMMARY 

NOTIONAL 2K FORCE 

:^$:.swK%iMT:%sstä&iäxz 
■&& mvL,z'W®£®$$&$^ 

\.::y/y.\ .;.-..;..;.■.■. .; mms® j3jBg»OTH      - gMKTITT Süi.:iSOFTr.-.Ü'^:: STON-; 

01046L000 HHC, ASSAULT HEL BN(UH-60) 
01047L000 ASSAULT HEL CO (UH-60) 
01048L000 2 OBSN HEL PLT (C3) 
0104 9L0O0 AIRCRAFT MAINT PLT 
01267L300 AIR RECON TROOP (OH-58D) 
01376L200 HHC, ATTACK HEL BN (AH-64) 
01377L200 ATTACK HEL CO (AH-64) 
01869L000 AIRCRAFT MAINT PLT 
03057LOOO SMK/DECON PLT 
O5027L000 ENGR CO, ENGR BN, ABN D1V 
06206L000 HHB FA BN 105MM T (ABN) 
06207L000 FA BTRY 105MM T (ABN) 
O6413L0O0 CORPS TGT ACQ DETACHMENT 
06466L000 HHS BTRY MLRS BN 
06467L000 FA BTRY MLRS 
07036L000 HHC INF BN (ABN) 
07037L000 RIFLE CO (ABN) 
07038L000 ANTIARMOR COMPANY 
O8O57LOO0 TRMT PLATOON 
08067LOOO FWD SPT MEDICAL CO (ABN) 
10337L000 SUPPLY-MAINT PLT 
11066L200 HHC,SIG BN,(MSE)LID/ABN/AA 
1106"7L2OO AREA SIG CO (MSE) LID/ABN/AA 
11068L200 SIG SPT CO(MSE)LID/ABN/AA 
11568LA00 FORCED ENTRY SIG DET AA/AB 
17207L000 SCOUT PLATOON 
17276LO00 HQ AND HQ COMPANY 
17277L00O LT ARMD CO 
19313L000 MP PLATOON 
34627L000 Ml CO, INTG/EXPL(EPW) 
34628L000 Ml CO, INTG/EXPLIGS) 
42056L000 SUPPLY PLATOON 
4 3056L000 MAINT PLATOON 
4 3058L000 MAINT PLATOON 
44137L000 ADA BTRY VUL/MPDS (ABN) 
44637LOO0 ADA BTRY,PATRIOT 
55158L000 LT MED TRK PLT 
57004L000 HHC AIRBORNE DIVISION 
5704 2L000 HHC AIRBORNE BRIGADE 

FORCE TOTAL 

56 
49 
24 
40 
27 
149 
32 
32 
29 
94 

225 
72 
38 
7 9 

! 03 
192 
132 
88 
52 
62 
84 

119 
140 
67 
24 
15 

281 
•63 
42 
60 

136 

53 
95 

111 
86 
29 

258 
74 

5472 

19 2427.1 
23 ] 564 3.0             i 

e * l  *i.'    *■', 

12 2Ü90.3 
14 3187.8 
52 9643.4            1 
12 3508.1 

7 1216. 1 
34 4.; •. '•. 
30 3451.7            : 
7 5 «684.5             1 
29 *■ >. -:.. 4             '. 

17 3 ! - 'r'. 7             '. 
1 - .-■■.'.              '. 

37 4 34"' 9 : 4 l' 

50 6] 606 6 : '• 4 ''• < 
61 6829 1 .Ki _ 

142 14 82J w % ■ "f * 
44 5206 2 15:' ii 

14 ; 4 4 •. 1 i * .. 
C 5'-** 

13b ; ^i (i: • •^ * n:. tj 

19 3356 : .••:.'. '-. 
22 2164 H '..4 

8 «84 M 1 s II 

l<i '. ..•"': ! lr. '■, 

22 .i<<4i> 1 .':.': 
4 3 p j ■*_ - ..:•■■ 4 
25 4 1...1 ! ; 4 . 4 
68 7041 0 ] 94 1 
42 10183 6 58 5 
31 7 29» r 

26 3355 0 i Ji.i 

32 J95J J i_4 
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APPENDIX F 
CODES STOW PLAN 

SEPARATE MECHANIZED BRIGADE 
ON 

1725-TON PAYLOAD WINGSHIP 
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APPENDIX G 
CODES STOW PLAN 
TANK BATTALION 

ON 
1725-TON PAYLOAD WINGSHIP 
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APPENDIX H 
CODES STOW PLAN 
TANK BATTALION 

ON 
900-TON PAYLOAD WINGSHIP 
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TEC HNOLOGIES 

SUITE 300 
3900 NORTH FAIRFAX DRIVE 
ARUNGTON. VIRGINIA 22203 

(703) 528-2470 
FAX #(703) 5284715 

WASHNGTON OPERATIONS 

14 May 1993 

Bob Hoenig 
C/O Northrup Corp 
8900 E. Washington Blvd Bldg 216 
Pico Rivera, CA 90660-3737 
FAX   310-948-9485 

Dear Bob, 

PWA's Dextrer Ramsey indicates that after my call, he should 
have sent you tabulated data on SFC vs Fnet at SL and 5K at 0.4 an 
0 7 Mn std day for the 82 or 84K Fnet version of the 4000 series - 
the PWA4084. If you FAX it to me, I can crunch you a curve fit. 
We'll have to do the installation losses separately - airframe bleed 
for ECS, etc. 

Since I had the GE-90 tabular data, the equations for the curve 
fit I made for it at SL, 0.40 Mn are given below, for the ranges of Fn 
thev apply to.   This was done to find out how close a fit could be 
done with simple means suitable to a PC.    One point in the extreme 
for each range was tested and the error was under 0.10% in all cases. 
Ought to fit any PC you've got. 

RANGE  A: (Fnet = 17869 to 30903 lbs) 

Logio (10 SFC) = -0.23571 (Logio Fnet) + 1.71634 

RANGE B: (FNET = 30904 to 47315 lbs) 

. Logio (10SFC) = -0.077778 (logio Fnet) + 1.00722 

RANGE C: (Fnet = 47316 to 59514 lbs) 

. Logio (10SFC) = +0.032836 (LogioFnet) + 0.64744 

Sincerely, 



21 May 1993 
055-93U/5461-70 

Mr. Robert Hoenig 
C/0 Northrop Corporation 
Adv Technology and Design Center 
9900 East Washington Blvd. Bldg 21 
Pico Rivera, CA 90660-3737 

Dear Bob, 

Pursuant to your FAX of the 18th, please find enclosed a 
set of tables defining corrected net thrust and specific fuel 
consumption for the PWA 4084.  Initially, a logarithmic data 
fit was tried but was discarded because it was not linear 
except over small thrust increments.  My interpretation of 
this is that it suggests realism in the PWA 4084 deck as it 
accounts for changing gas properties, component efficiencies 
and relocation of operating points for spool matching inside 
the various maps.  Consequently, a tabular presentation was 
developed that adheres very closely to the PWA deck, as is 
explained below. 

The presentation is made in three sets, for flight Mach 
numbers of 0, 0.4 and 0.7.  Each presents (Fnet/delta 
ambient) in 2,000 lb increments from the smallest value 
identified previously by PWA up to the highest value given. 
(SFC/theta0-5) , with theta based upon fan inlet total 
temperature, is identified for each thrust value.  SFC_should 
be found by linear interpolation between two thrust points on 
the provided schedules.  A schedule of the maximum thrust 
available as a function of fan inlet total temperature for 
Mach numbers of 0, 0.4 and 0.7, accurate to within 0.2%, is 
also provided.  Stay within the temperature ranges shown 
unless PWA provides extending data. 

A 24 point error analysis was conducted in which the 
tabular SFC data enclosed was compared against the PWA deck 
values for the lowest thrust value, the highest and one point 
in between at Mach 0, 0.4 and 0.7 for altitudes of 0, 3k and 
5k.  Linear interpolation was used between tabled points, 
just as described above.  The absolute value of the max 
discrepancy of the tables compared against the deck as the 
standard was 0.56%, the minimum was 0.01% and the average was 
0.22%. 

The tables were developed as follows.  The PWA deck was 
generalized to one line for each Mach number, regardless of 
altitude or inlet temperature, using the SL and 5K ft deck 
data by the use of delta ambient (altitude static pressure, 



PSF/2116) and square root of theta (fan inlet total 
temperature, °R/518.7)°-5.  The plot of these is presented in 
figure 1 and shows good correlation of the deck from SL to 5K 
at any one Mach number despite temperature and altitude 
changes.  This generalization was sought so you could do 
climb, descent and cruise through an altitude range from SL 
to 5K even with non-standard temperatures (inside the ranges 
shown) and get precise fuel burnoffs for various climb rates. 

The Fnet/delta amb vs SFC/(theta)°-5 values were plotted 
in figure 1 using the 8 or so points provided by PWA at SL 
and 5K for each Mach number. The generalized SFC was then 
read off at thrust increments of 2,000 lbs which provided 20 
to 30 points for each Mach number. These values went into 
the tables and the error analysis previously identified at 
SL, 3K and 5K. 

Since you indicated that accessory bleed and power 
extraction for the ECS would be provided by an on-board APU, 
please be advised that the Russian "Orlenok" gets her 
electrical power, vehicle pneumatic air supply and engine 
starter air from multiple TA-60 APUs, weighing 300 kgs (dry) 
each.  Their "Loon" uses GTG-100's.  How many are used is not 
clear to me. 

A duct burning model/tables will be developed for you 
shortly. 

Sincerely, 

Eric Lister 
Chairman, Wingship 
Propulsion Sub-Committee 



TABLE OF CORRECTED NET THRUST VS SPECIFIC FUEL CONSUMPTION 
PWA 4082 - SL to 5,000 FT ALTITUDE 

TABLE 1 

Fnet/delta amb, lb 

88000 
86000 
84000 
82000 
80000 
78000 
76000 
74000 
72000 
70000 
68000 
66000 
64000 
62000 
60000 
58000 
56000 
54000 
52000 
50000 
48000 
46000 
44000 
42000 
40000 
38000 
36000 - 22000 

0 Mach number 

SFC/(theta total)0-5, per hr 

0.3300 
0.3255 
0.3215 
0.3170 
0.3135 
0.3100 
0.3070 
0.3040 
0.3025 
0.3005 
0.2990 
0.2980 
0.2970 
0.2950 
0.2940 
0.2925 
0.2915 
0.2900 
0.2880 
0.2870 
0.2850 
0.2845 
0.2835 
0.2825 
0.2820 
0.2818 
0.2818 



TABLE OF CORRECTED NET THRUST VS SPECIFIC FUEL CONSUMPTION 
PWA 4082 - SL to 5,000 FT ALTITUDE 

TABLE 2 - 0.4 Mach number 

Fnet/delta amb, lb       SFC/(theta total)°-5, per hr 

62000 
60000 
58000 
56000 
54000 
52000 
50000 
48000 
46000 
44000 
42000 
40000 
38000 
36000 
34000 
32000 
30000 
28000 
26000 
24000 
22000 
20000 
18000 
16000 
14000 
12000 

0.4620 
0.4590 
0.4570 
0.4550 
0.4545 
0.4535 
0.4530 
0.4530 
0.4535 
0.4540 
0.4550 
0.4560 
0.4575 
0.4600 
0.4630 
0.4660 
0.4700 
0.4745 
0.4800 
0.4865 
0.4945 
0.5040 
0.5150 
0.5290 
0.5450 
0.5650 



TABLE OF CORRECTED NET THRUST VS SPECIFIC FUEL CONSUMPTION 
PWA 4082 - SL to 5,000 FT ALTITUDE 

TABLE 3 - 0.7 Mach number 

Fnet/delta amb, lb       SFC/(theta total) °-5- per hr 

54000 
52000 
50000 
48000 
46000 
44000 
42000 
40000 
38000 
36000 
34000 
32000 
30000 
28000 
26000 
24000 
22000 
20000 
18000 
16000 

0.5660 
0.5665 
0.5670 
0.5680 
0.5695 
0.5710 
0.5735 
0.5760 
0.5800 
0.5835 
0.5885 
0.5950 
0.6035 
0.6135 
0.6250 
0.6370 
0.6490 
0.6650 
0.6845 
0.7140 



CORRECTED MAX AVAILABLE THRUST VS INLET TEMP 
PWA 4082 - SL TO 5,000 FT 

MACH NUMBER 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

TABLE  1A 

MAX FNET/DELTA AMB, LBS 

87100 
86680 
86260 
85840 
85420 
85000 
84580 
84160 
83740 
83320 
82900 

FITT,  °F 

40 
42 
44 
46 
48 
50 
52 
54 
56 
58 
60 

OR USE [MAX FN/DELTA AMB = -210 x FITT + 95500] 
FOR FAN TNT.FT TOTAT, TEMPS RFTWEEN 40 AND 60 &F. 

TABLE  2A 

MACH NUMBER 

0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 

MAX FNET/DELTA AMB,  LBS 

61113 
60887 
60661 
60435 
60209 
59983 
59757 
59530 
59304 
59078 
58852 
57164 
55477 

FITT,  °F. 

54 
56 
58 
60 
62 
64 
66 
68 
70 
72 
74 
76 
78 

OR USE [MAX FNET/DELTA AMB, LBS = -113 x FITT + 67215], 
FOR 55 to 74 °F. FITT 
AND [MAX FNET/DELTA AMB, LBS = -843.8 x FITT + 121293] 
FOR 74 to 7 8 °F. FITT 

TABLE  3 A 

MAX FNET/DELTA AMB, LBS 

54180 
53726 
53272 
52818 
52364 

MACH NUMBER 

0.70 
0.70 
0.70 
0.70 
0.70 

FITT,  °F 

90 
92 
94 
96 
98 



0.70 
0.70 
0.70 
0.70 
0.70 
0.70 

51910 
50602 
49294 
47986 
46678 
45370 

100 
102 
104 
106 
108 
110 

OR USE [MAX FNET/DELTA AMB = -227 x FITT(°F) + 74610] 

FOR 90 to 100 °F FITT 
and [MAX FNET/DELTA AMB, LBS = -654 x FITT(°F) + 117310] 
FOR 100 TO 110 °F FITT. 



18 June 1993 
060-93U/5461-70 

Mr. Robert Hoenig 
C/0 Northrop Corporation 
Adv Technology and Design Center 
9900 East Washington Blvd, Bldg. 21 
Pico Rivera, CA 90660-3737 

Dear Bob, 

In order to support Northrup's Wingship study efforts to 
explore the effects of unique technologies upon mission 
performance, an assessment of the performance of a large turbofan 
with a fan duct burner for thrust augmentation was undertaken 
here  The baseline engine used for the effort here was a PWA 4084 
rated at 83079 lbs of thrust at SLTO std day.  The objective was 
to develop the impact of a fan duct burner upon total thrust, fuel 
flow and duct discharge temperature.  It is suggested that one 
desired benefit to seek in your study is the effect of using a 
duct augmentor as a means of keeping the high takeoff and landing 
thrust requirement from oversizing the engines for cruise.  It 
successful, fewer engines would be required and at cruise  the sfc 
would be minimized by virtue of having each engine operating at a 
higher percentage of available thrust.  With the duct burner, drag 
at cruise would also be substantially reduced because engines 
would not have to be shut down and windmilled, as is currently 
envisioned for non-augmented fans. 

The performance values are identified in the following 
empirical equations and on the attached curves for varying degrees 
tTdlot  burning at sea level static standard day conditions and no 
others  The curves and equations are presented without 
explanation so you could easily input them to a PC.  However, th^y 
were based upon conventional propulsion concepts for thrust in an 
unchoked nozzle as a function of stream Mach number and acoustic 
velocity plus a heat balance for the duct burner.  As indicated on 
the curve, the predictions are based upon informal information 
from PWA indicating that the fan pressure ratio is approximately 
1.6 and the dry thrust split between the fan and core streams is 
in the ratio of 83%/17%.  The equations are: 

1. Fg, lbs = 2844.74 (Tt5, Deg R)
0,5

 + 14130.6 
where Fg is total fan duct + core gross thrust 

Tt5, Deg R 
is duct burner discharge temp at 

nOZZle cnnni 
2. Wf,   lbs/hr  =   137.83   (Tt5 Deg R)   "   57001 ^   ,, 

where Wf is total fan duct + core fuel flows, lbs/hr. 

[Note added 9/20/93   -  Information  from PWA after  this  letter was 
written suggested that  although  the  thrusts predicted were 



consistent  with  theirs  for the fan out   temperature,   the fuel  flows 
abopve were about  8% high.     Accordingly,   Hoenig of Northrup was 
sent  a FAX by the writer and asked to reduce all   fuel   flow values 
by about  8%.] 

Duct burner discharge temperature was selected as the 
parameter to drive both thrust and fuel flow changes because it 
will be limited by what the wing structure can sustain downstream 
of it in the Wingship PAR concept.  While the titanium in the wing 
may not be tolerant of any structural members getting beyond 800 °F 
(1260 °R), there are two factors which may drop the engine exhaust 
flow stagnation temperatures at the wing, which is why values were 
developed out to 1000 °F Tt5 

at the nozzle.  One is that some 
modest downstream plume mixing with ambient air is likely and the 
second is that several sources (including the Russians) 
suggest there is a strong flow of outside air coming over the wing 
leading edge from entrained flows or Coanda effect.  I regret I am 
not able to define these dilution effects at this time with any 
certainty.  However, to assist you, I will request help on those 
two effects from other committee members (Hooker and Covert) and 
will get back to you at the first convenience if they can help on 
this.  In the meantime, you might wish to consider 800 °F as the 
max Tt5 value practical for the problem, which puts max TO thrust 
at 115109 lbs, when the max dry value is 83079 lbs for an 
augmentation ratio of 1.3 86.  The corresponding fuel flow value is 
116665 lbs/hr.  If the Tt5 value can be driven up to 1460 °R, then 
an augmentation ratio of 1.478 could be achievable on the same 
83079 lb dry thrust engine. 

The remaining feature of the engine to be discussed is how to 
easily vector the thrust down under the wing. The Naval Air 
Warfare Center at Trenton and Dr. Covert from MIT indicate that 
the fan nozzle and the core nozzle are probably both unchoked at 
SLTO.  If this is the case, then the two streams can be allowed to 
mix and interact before leaving the engine without concern for 
stalling either one since both will be at the same static pressure 
in the nozzle throats.  This would permit the fan duct to be _ 
extended to the rear of the engine for the use of a single axis 
deflected thrust nozzle.  The design however would not allow for 
augmented thrust much beyond takeoff/landing speeds for fear of 
inducing fan/core stall owing to the nozzles becoming choked as 
flight speed was increased.  Thus, the fan duct burner becomes _ 
strictly a device for takeoffs and landings.  The other capability 
the nozzle system might need for stall free operation would be the 
ability to keep the fan nozzle throat far enough forward in flight 
to keep fan and core streams from mixing before discharge.  The 
fan nozzle might therefore have to be deflectable, both a closed 
and an open area position, translatable and possibly non-circular 
to promote external mixing.  Thus the duct burner becomes_a 
definite technology piece if it is worthwhile to the mission, 
which is indeed what the Wingship committee seeks to determine. 
I'll try to provide more on this as it is developed, but for right 
now let's assume that the fan duct/nozzle will do all of the above 



in lieu of more complex schemes with substantial drag and weight 
penalties. 

I still owe you some installation factors and details for the 
inlet and exhaust systems and will try to get to them over the 
next few weeks. 

Please advise if you have questions on any of the information 
transmitted in this letter. 

Sincerely, 

Eric Lister 
Chairman, Wingship 
Propulsion Sub-Committee. 

CC: 
Len Maithan 
Roger Gallington 
Gene Covert 
Steve Hooker 
Robt. Wilson 
John Fraas 
SRS File 
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30 July 1993 
063-93U/5461-70 

Mr. Robert Hoenig, N212/XA 
C/O Northrop Advanced Technology and Design Center 
PO Box 158 
Pico Rivera, CA 90660-0158 

Dear Bob, 

Enclosed please find my rough estimates for the physical 
layout of a high by-pass turbofan in the 83079 lb static thrust 
class.  It would be approximately 114 inches in diameter to the 
outer fan case (with a nacelle thickness of about one foot more 
than that).  The length from bullet nose to tip of the tailcone 
would be at least 312 inches long, which is not far from the 325 
inch value I have heard casually from PWA.  Dry weight would be 
14,000 lbs which might get 10% lighter if the thrust reversing 
system is removed. 

Also enclosed is a weight breakdown on a one stage augmentor, 
limited to no less than 800 deg F and possibly as high as 1000 deg 
F  The burner might be located in the last 6 feet or so of 
augmentor duct length.  It has a 20 deg down deflecting thrust, 
two area position nozzle and must translate forward once flying 
speed is attained in order to keep the fan and core streams from 
mixing as the nozzles begins to choke.  It has two setsi of_ 
actuators for translation plus area changes although PWA might be 
able to design a linkage set that would accomplish both 
requirements simultaneously with only one actuator set.  The 
material used in the assessment was Ti matrix composite with a 
density of roughly 0.16 lbs/cubic inch vice Ti alloy which is only 
0 12  A matrix composite was envisioned because it has nearly 
doubie the strength properties of Ti alloys which seem to hold to 
at least several hundred degrees F more than the Ti alloys.  Note 
that the augmentor/fan duct in this configuration is about 23 It. 
long and it is estimated to weigh 2183 lbs, which is m addition 
to the 14,000 lb dry engine weight.  The augmentor weight is 
everything that would be needed in the augmentor system but does 
not include any weight adders to the fan frame to carry augmentor 
axial and shear loads or deflected thrust moments. 

The major loads in the augmented deflected mode when the fan 
thrust alone was 101,000 lbs (1.38 overall engine aug ratio) were: 
(1) vertical shear- 35,0000 lbs, and (2) bending moment at the fan 
discharge - 800,000 ft lbs.  An anti-screetch liner was included 
to avoid combustion instability problems.  These loads posed no 
problems in combined flexure and shear for a 16 gauge outer duct 
(principal stress under 20,000 PSI), so the mechanical integrity 
of Ti composites from the standpoint of just these loads would be 



very high.  However, this assessment did not consider buckling 
from axial thrust column loads on the augmentor nozzle (from MV 
and A*delta P forces) nor the contribution to buckling that would 
be present from the 35,000 lb transverse load when in the 
deflected thrust position.  PWA should be asked to comment on what 
the likely weight might be. 

PWA would likely also have to re-examine their fan case and 
strut design to see how it's deflections would bear up under the 
above shear and moment, since fan blade tip clearances must be 
maintained despite the problems of holding the augmentor weight 
and deflected thrust loads. 

If your design studies indicate that a fan duct burner 
augmentor would be useful to the wingship mission, I would like to 
emphasize that such an augmentor would be a genuine technology 
challenge.  In addition to being a difficult burner owing to low 
pressures and temperatures, it would require not only a deflecting 
thrust nozzle but one that somehow keeps fan and core streams from 
mixing once past takeoff speed.  A translating nozzle is one 
solution, but PWA may have others.  It may also benefit from the 
use of Ti matrix composites, which are relatively new and carry 
their own uncertainties. 

Sincerely, 

Eric Lister 
Chairman, Wingship 
Propulsion Sub-Committee 

[Note   added  9/20/93   -   the   scheme   of  a   translating  augmentor  duct 
and a deflecting thrust nozzle was dropped as a  candidate 
devevlopment  concept  for American Wingships   (but  a  short  duct   _ 
burner was retained).     This was done as a result  of speaking with 
the Russians  in August whose first  choice was  to mount   the engines 
on a  canard and rotate  the engines.     Since  their first  choice 
coincided with mine,   the above scheme was dropped m  favor of a 
relatively short  fan duct  augmentor and rotating the canard.] 

Th6 Ruissians aRso said that  they have been  trying for some 
time now-Ao us^Jzhfust  augmentation,   but with a wet wing    for PAR, 
they were limited to 220 deg C,   the value for hot  surface 
ignition of JP fuels.     They gave no indication  that  they were 
trytng to    find ways  to    either make the fuel non-combustible 
(like nitroigen inerting)   or reduce it's  temperature rise during 
the 1-2 minute  takeoff period.] 



Estimated Augmentor System Weights 

Primary Materials - Ti and Ti composite matrix 

Component 

o Outer case 

o Inner screetch liner 

o Nozzle flaps 

o 3 zone Vee gutters & supports 

o Liner attachments 

o Fuel spray bars (60) 

o Fuel lines 

o Fuel manifold 

o FADEC 

o A/B pump 

o Sensors & lines 

o Flap actuators (6) 

o Duct traverse actuators (6) 

o Traverse actuator hyd. lines 

o Flap actuator hyd. lines 

Total 

2% Development adder 

Grand total 

Weight, Lbs 

1000 

160 

20 

30 

30 

20 

40 

10 

60 

25 

600 

30 

30 

60 

25 

2140 

43 

2183 lbs/engine 



Engines as a Source of "Special Environmental 
Considerations" 

o One Big Issue - are there salt water ingestion effects 
by hydrocarbon combustion systems that can produce Dioxin 
(C12H4O2CL4)??  The Chlorine comes from NaCl in sea water. 
The tradeoff may be the health of local people, crew members 
and passengers.  The issue, if it is real, could be a sure 
fire show stopper until it is understood and defeated. 

o A Second Possibly "Big Issue" - the noise level on 
takeoff as defined above will have to be identified and 
addressed in order to operate on US coasts/ports during 
development, training or operation.  The crux will be local 
rules, not federal.  The Mayor of Oxnard can prevent 
operations in his area if noise is above his threshold. 

Discussion 

o Problem Statement  (DoD Acquisition Dir & Instr 
5000.1 and 5000.2) - these were revised in 1989 and 1991 
to require DoD to determine, disclose, investigate, mitigate 
and incorporate considerations to not make hazardous 
effluents during all phases of a weapon system's life cycle, 
including development.  The problem will be to comply with 
them for the Wingship itself.  This is a gross change from 
the past of simply cleaning up the waste from stationary 
facilities.  The recent revisions were done to include all 
phases in a weapon system's acquisition life cycle, from 
phase 0 on through production and deployment.  It includes 
RDT&E, testing, manufacturing, training and deployment. 
These two regs are the muscles that will require DoD to 
investigate any unwanted hazardous effluent from a WIG R&D 
program, even if the projection of effluent is many years and 
phases away from the present effort DARPA is interested in. 
The lead agency has a responsibility to DoD to clarify such 
issues. 

o Noise - the noise from making "just" 200,000 lb of 
thrust ( 4 JT9D engines on a B747) is substantial, possibly 
at about 106 pNdB.  The USN is now having no small amount of 
difficulty with jet noise at training bases for VF and VA and 
actually has to run noise surveys and signature predictions 
before they can get local (meaning town, county and state) 
approval for F18 squadrons to maneuver off the beach at 
Oxnard and Port Hueneme.  One Oxnard issue was how close can 
the F-18's get to the beach before they can no longer do a 
high power turn.  The noise criteria maybe two fold - both a 
not to exceed value and an "average" value which is taken 
over a 24 hour period.   The crux of the problem is that the 
local community (not the Feds) will always govern in such 
cases.  Oxnard's requirement is to not exceed 55 pNdB - when 
the surf is 65 (welcome noise that raises the rents) and just 



crickets at night in the desert are about 50.  The DoD will 
have to determine where they might like to base a big WIG 
vehicle, find out what the local laws are and then go about 
trying to find out what it will take to meet them. 

With 10 or more engines, fan and exhaust noise will be 
something to deal with, both in terms of being a good 
neighbor during training exercises (see below) as well as a 
detectable footprint for something that is otherwise as "over 
the horizon" for radar detection as a cruise missile.  At 
takeoff, the pNdB of a 10,000,000 lb WIG might be like ten 
B747's taking off simultaneously.  It might be hard to hide 
anything with that big a sound footprint - unless R&D can 
develop low noise technology for the fans, burners, 
structures and exhausts of very large engines. 

To provide some idea of how much noise a number of 
engines of identical design would make, the following table 
was created, and is based upon engines that run the range 
from quiet to noisy. [NOTE  ADDED  ON  9/20/93   -   PWA 
indicates  that   their 4084  engine is a geared fan which may be 
substantially quieter than  today's  engines.     Although  the 
absolute level  is not known  to  the writer,   reports  to 
Congress     from some of the civil  agencies    suggest   that 
manufacturers of geared fans are hopefull  of getting a  6 dB 
reduction over current  engines  - and possibly 10 dB for the 
aircraft  as a whole.] 

Quiet Noi 
pNdB oNdB 
106 120 
109 123 
112 126 
115 129 
118 132 
121 135 

As a point of reference, OSHA standards for noise state 
that a worker cannot be subjected for more than 8 hours at 90 
pNdB, 2 hours at 100 pNdB, 1/2 hr at 110 pNdB or 15 minutes 
at 115 pNdB.  The threshold of pain seems to be around 12 0 
dB. 

The above suggests that one of the trades will be to 
determine if anything can be gained by the use of larger but 
lesser numbers of engines.  The ability to assess engine 
component noise as a function of sizing factors - airflow, 
tip speeds, blade passing frequencies, combustor type and 
nozzle/free stream mixing parameters will be a critical 
feature in this assessment. 

As far as a wet or augmented fan stream version is 
concerned, the fact that the fan stream is augmented and not 



the core will provide noise reductions of up to 7 dB as 
compared to first mixing the flow and then burning it. 

Think ahead to the noise of a 10,000,000 lb WIG landing 
and taking off with 2,500,000 lbs of thrust.  With a 1/3 
payload fraction, this would also mean discharging 13,200 men 
at 250 lbs apiece, or their equivalent, on some local beach. 
Municipality and beach noise from both engines and cargo is 
something to be looked at, even now is not too early.  For 
eventual commercial interests in a WIG, noise abatement is an 
absolute must. 

The first  step  to comply with noise aspects related  to 
5000.1  and 5000.2 would be to:   (1)   identify probable noise 
levels  from Wingship engines,   given current  technology 
levels.     The design values  to be played as parameters would 
be  the  type,   size and number of engines. 
(2) Associated with  this should also be a study to define 
local  community noise requirements around several possible 
locations  for WIG T&E and training commands,   including USMC 
ocean/beach locations and commercial ports. 
(3) Such a study would also be asked to perform a parallel 
effort which could identify technology solutions  to  the big 
WIG noise problem. 
(4) Data  from the overall  study could be used to feed a LO 
effort with emphasis upon detectability as a prelude  to 
vulnerability. 

o Dioxin production from salt water ingestion*1'2 

- Dioxin is not a desirable chemical to release freely as it 
is a carcinogen with effects (internal organ cancers of all 
sorts) not showing up usually for years later after exposure. 
It is frequently associated with the manufacture of Agent 
Orange during the Vietnam War and was an unsought by-product 
of the-process to make this defoliant.  Dioxin can be made 
during oxidation processes (combustion) if conditions are 
right.  According to the EPA and DOC in Gaithersburg MD, to_ 
make it takes the presence of chlorine (as in PVC pipe debris 
or salt water), an incomplete combustion process (like a 
municipal dump fire or possibly the period of 30-60 seconds 
of very rich and incomplete burning in a very wet engine 
combustor during a start) and temps of 600 to 700 deg C (1112 
to 1292 deg F.) - easy to obtain in a dump fire and may be 
likely on the bottom and side walls of wet combustors once_ 
they become soaked throughout with sea water and begin drying 
out  Till dry, somewhere in the wet system, these temps all 
exist.  If formed, it might be a real threat to the long term 
health of anyone around these vehicles when started - meaning 
crew or passengers, all 13,200 of them (for a 10,000,000 lb 
WIG with 30% payload, all of which are passengers at 225 lbs 
each.) 



The first  step  to comply with any carcinogenic effluent 
emissions as perceived by 5000.1  or 5000.2 would be  to 
determine if harmful  species of dioxin are or are not  formed, 
ie should the Wingship have something to worry about  or not?? 
The   Russians   commented   that    they   felt    the   US   was 
obliged   to   get   answers   on   this   topic. 

(1) Run some laboratory combustion  tests with salt water 
sprayed and puddled on and inside the liners and cases  to see 
if a harmful  species of dioxin could be produced.     A review 
of relevant  combustion work would also be appropriate via  the 
literature and known experts in this field. 

(2) Get  sufficient  T&E in  the lab to identify species, 
life spans of species and some feel  for what  it  would be 
likely to do  to humans.     Try to identify/devise possible 
mechanisms for transfer to the human environment.     Try to 
develop some relatively simple  techniques  to avoid or somehow 
mitigate any dioxin formations. 

(3) Develop fieldable measuring equipment and check out 
their suitability by going to the operational Navy including 
carriers at  sea  to find out  if Dioxins are being made. 

(4) Do some engine  testing under WIG   "flying"  and at 
rest  conditions  in both light and heavy sea states  to see if 
engines  can have a dioxin problem under WIG conditions of 
either storage or use. 

If there is a problem,   the second step would be  to work 
out some ways in  the lab to make it go away and then do full 
scale engine  tests  to verify that  the techniques are 
effective. 

1T[ is dioxin  formed by gas  turbines   ingesting  salt water??     This 
does not  seem to be a problem for crews on carrier decks working  in and 
around nacelles.     However,   when a  lot of  salt water has been ingested in 
a dormant engine,   this may be a different matter,   as  follows.     The 
NAVAIR specs  for engine  salt water  ingestion testing during development 
and prior to production release require a continuous misting spray in 
the  inlet and on the outer case  for hours before  initiating a start and 
doing  some regular operational  testing  for power and accelerations. 
This  is  felt by the author to be  substantially more water both 
externally and inside the engine than is normally experienced by an 
engine installed in an aircraft and parked on the flight deck in rough 
seas       However,   it may have a closer correspondence to the amount  of 
liquid sea water an engine mounted on a Wingship might get  "sloshed" 
into  it while at  anchor or sea  sitting.     In the mid 1970's,   four men in 
the age bracket of  35  to  45  at NAPC Trenton   (now NAWC/AD)   died of 
cancers,   all  over a  3  to  5 year period.     Each had come to Trenton  from 
the Phila Naval Yard where they had participated as engineers and crew 
in a salt water ingestion test of a turboprop engine  in the 1960's. 
This was the only test  found in their careers that they all had in 
commmon.     Two other crew members  still  survive that  test,   one being the 
chief civilian at NAPC  in 1993.     The deaths of the  four and the 
potential  for a tie-in with the prior  salt water  ingestion test has been 
discussed with Trenton at  the head civilian  level,   and lower,   as well  as 



with the civilian head of NAVAIR's Propulsion Division, AIR 53 6, with no 
apparent effect.  Neither Trenton nor NAVAIR has ever done any visible 
T&E work to establish whether or not this type of testing produces a 
hazardous effluent.   It is said by their head civilian to not be 
mentioned in their EIS. 

*2   When the subject of dioxin as a possible JP fuel/salt water 
combustion by-product was raised in Wingsip Committee meetings, the 
group expressed some concern for the by-products of combustion with the 
other chemicals that are present as dissolved solids in sea water (about 
5 major ones), not just NaCl.  Consequently, it is suggested that if 
studies are ever triggered by the above information, that they address 
all the major materials found in salt water.  See the section in 
Appendix N on water washing of engines which identifies the contents of 
salt water, as a specification, since salt water varies substantially in 
dissolved solids worldwide. 
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